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PREFACE 


Recent  discoveries  of  new  drugs  and  advances  in  our  knowledge 
of  their  actions  and  uses  have  been  so  numerous  and  widespread 
that  even  the  specialist  has  great  dilliculty  in  keeping  pace  with 
the  course  of  events.  Our  purpose  in  writing  this  book  has  been 
to  survey  some  important  recent  developments  in  Pharmacology 
likely  to  be  of  interest  to  students  and  practitioners  of  medicine, 
and  to  present  the  material  in  such  a  way  as  to  provide  not  only 
an  account  of  our  knowledge  concerning  the  actions  of  drugs,  but 
also  a  basis  for  their  use  in  practice. 

INIodern  develojiments  in  pharmacology  have  followed  two 
main  directions;  the  first,  in  the  investigation  of  mechanisms  by 
whicii  drugs  produce  their  actions,  a  field  to  which  A.  J.  Clark 
made  outstanding  contributions,  and  the  second,  in  the  discovery 
of  many  drugs  of  therapeutic  importance.  The  first  development 
has  been  of  value  from  a  theoretical  point  of  view,  as  a  means  of 
diseovery  of  new  drugs,  and  also  in  the  more  adequate  application 
of  drugs  in  practice.  In  the  present  book  we  have  tried  to  describe 
these  various  developments,  giving  due  empliasis  to  all  branches 
of  the  subject.  Thus  we  have  dealt  with  many  of  the  recently 
introduced  techniques  which  have  been  used  to  elucidate  the 
actions  of  drugs,  and  we  have  not  only  described  the  pharmaco¬ 
logical  actions  and  fate  of  drugs  in  the  body,  but  have  tried  to 
emphasize  the  importance  of  this  knowledge  in  their  therapeutic 
use. 


At  the  outset  we  realized  that  it  would  be  quite  impossible  to 
review  the  whole  vast  and  growing  field  of  Pharmacology,  and 
we  have  had  to  confine  our  discussion  to  what  we  considered  at 
that  time  to  be  the  rnost  important  aspects  of  the  subject.  We 
are  fully  aware  that  important  material  has  been  omitted  •  we 
have,  for  example,  said  little  about  the  sulphonamides  as  ’thev 
are  no  longer  m  the  forefront  of  development,  and  our  account 
of  cortisone  and  adrenocorticotrophic  hormone  must  necessarilv 
be  inadequate,  since  here  advancing  knowledge  actually  overtook 
us  in  the  middle  of  our  task. 


The  review  of  each  individual  topic  is  by  no  means  exhaustive 
but  we  have  aimed  to  provide  a  sullicient  number  of  important 
references  to  satisfy  the  reader  who  wishes  to  consult  the  original 
sources  of  information,  and  to  facilitate  matters  we  have  ma'rked 
re\  lew  articles  w'lth  an  asterisk. 
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PREFACE 


The  question  of  drug  nomenelature  is  a  vexing  one  that  offers 
no  easy  solution,  but  we  have  wherever  possible  used  either  the 
names  given  in  the  British  Pharmaeopoeia  or  those  offieially 
approved  by  the  General  IVIedieal  Couneil. 

We  should  like  to  offer  our  thanks  to  those  authors  who  have 
so  kindly  allowed  us  to  reproduee  figures  and  photographs  (eited 
in  the  appropriate  legend)  and  also  to  the  Editors  of  American 
Journal  of  Medical  Sciences,  American  Journal  of  Psychiatry,  Annals 
of  Internal  Medicine,  Annals  of  Tropical  Medicine  and  Parasitology, 
A  nnals  of  the  New  York  Academy  of  Sciences,  Archives  of  Internal 
Medicine,  Blood,  British  Medical  Journal,  Bulletin  of  the  Johns 
Hopkins  Hospital,  Endocrinology,  Journal  of  Allergy,  Journal  of 
the  American  Medical  Association,  Journal  of  Biological  Chemistry , 
Journal  of  Clinical  Investigation,  Journal  of  Clinical  Pathology, 
Journal  of  Immunology,  Journal  of  Neurophijsiology,  Journal  of 
Pharmacology  and  Experimental  Therapeutics,  Lancet,  Proceedings 
of  Staff  Meetings  of  the  Mayo  Clinic,  Quarterly  Journal  of  Medicme, 
and  to  The  Year  Book  Publishers,  Inc.,  Chicago,  and  The 

Williams  and  Wilkins  Company,  Baltimore. 

vw  lik'p  to  sav  how  ffratcful  we  are  to  numerous  colleagues 


^Ve  also  wish  to  express  our 
help  which  we  have  consistent 
Churchill  Ltd. 


J.  M.  Robson 
C.  A.  Keele 


LIST  OF  ILLUSTRATIONS 


t 

I 

I 

I 

I 

k 

k 

i 

[ 

r 

►' 

r 

1; 

I 

I 


I 


I 


I 

I 

i 

r 

( 

I 

f 

i 


FIGURE 

1  Diagram  of  Neuromuscular  Junctional  Region  .  .  .  . 

2  Electromyogram  in  Myasthenia  Gravis . 

3  Action  of  Curarine  on  End-plate  Potential . 

4  Tubocurarine-neostigmine  Antagonism . 

5  Action  of  Decamethonium  Iodide  in  Normal  Subject  . 

6  Effect  of  Pyribenzamine  on  Allergic  Reaction  in  Man  . 

7  Effect  of  Pyribenzamine  on  Histamine  Broncho-constric- 

.  tion . 

8  Duration  of  Aetion  of  Anti-histamine  Drugs  in  Man  . 

9  Effect  of  Cortisone  on  Sedimentation  Rate  in  Rheumatoid 

Arthritis . 

10  Autoradiographs  showing  Deposition  of  Iodine  in  Thyroid 
Follicles . 


11 

12 


13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


Uptake  of  Radio  Iodine  by  the  Thyroid  Gland  .  .  . 

Effect  of  Thiourea  on  the  Height  of  Thyroid  Epithelium  . 

Effeet  of  Radio  Iodine  in  Hyperthyroidism  .  .  .  . 

Seruni  Levels  of  Penicillin  after  Administration  of  Peni- 
eillin  in  Different  Preparations . 


Effect  of  Carinamide  on  the  Plasma  Level  of  Penicillin 
given  Orally . 

1  lasma  Levels  of  Streptomyein  following  its  Intravenous 
and  Intramuscular  Administration  in  Man 

F^er  with  Chloramphenicol  in  Typhoid 

Life  Cycle  of  Malarial  Parasite 

Schizont  of  P.  vivax  in  Human  Malaria . 

Urinary  Excretion  of  Proguanil 

•••••• 

Plasma  Concentrations  of  Mepacrine  in  Man 

Concentrations  of  Antrycide  in  the  Plasma  of  Calves 
following  Subcutaneous  Injection 

Kffect  of  Nitrogen  Mustard  on  Mitosis  in  Rat  Carcinoma  . 


PAGE 

4 

15 

28 

29 

36 

71 

77 

81 

111 

122 

124 

127 

133 

144 

147 

152 

175 

189 

190 

197 

203 

211 

222 


IX 


X 


LIST  OF  ILLUSTRATIONS 


FIGURK  •  PAGE 

24  Effect  of  Urethane  in  Chronic  Myelogenous  Leukaemia  .  227 

25  Distribution  of  Radio  Phosphorus  in  Blood  Fractions  of 

Man . 229 

26  Effect  of  Intravenous  Amidone  on  Ischaemic  Muscle  Pain  247 

27  Effect  of  Amidone  on  Pain  in  Patient  with  Carcinoma  .  249 


28 


29 


30 

31 


32 


33 

34 


35 

36 


37 

38 

39 

40 

41 

42 

43 

44 

45 

46 


Morphine  Abstinence  Syndrome . 252 

Intensity  of  Abstinence  Syndrome  after  Withdrawal  of 
Various  Drugs . 256 

Absorption  of  Orally  Administered  Radio  Iron  in  Man  .  271 

Metabolic  Paithwaiys  of  Iron . 273 


Effect  of  Intravenous  Saccharated  Iron  Oxide  on  Haemo¬ 
globin  Formaition . 

Response  of  Paitient  with  Pernicious  Anaemia  to  Folic  Acid 

Response  of  Patient  with  Nutritional  Macrocytic  Anaemia 
to  Folic  Acid  . 

Action  of  Vitamin  Bu  in  Pernicious  Anaemia  .... 

Effect  of  Various  Doses  of  Heparin  on  Coagulation  Time 
in  Man . 

Hypothrombinaemia  after  Various  Doses  of  Dicoumarol  . 

Comparison  of  Thromboplastins  in  Prothrombin  Estima¬ 
tion  . 

Effects  of  Combined  Heparin-dicoumarol  Therapy  in  a 
I’atient  with  Deep  Calf  Thrombosis . 

Effect  of  Transfusion  of  Fresh  Blood  on  Prothrombin  Time 
Prolonged  by  Dicoumarol . 

Diagrammatic  Representation  of  Substrate  Competition. 

Effect  of  Treatment  with  BAL  in  Exfoliative  Dermatitis 

Relation  between  the  Presence  of  Antigen  in  the  Liver  of 
the  Mouse  and  the  Formation  of  Antibody  .  .  .  • 

Frequency  Polygon  of  Toxic  Effects  after  Sodium  Salicylate 

Histogram  of  Toxic  Effects  after  Sodium  Salicylate  .  . 

Normal  Frequency  Distribution . 


284 

287 

289 

294 

205 

309 

311 

316 

318 

337 

340 

360 

378 

379 
381 


CONTENTS 


CHAPTER  PAGE 

1  Anti-Cholinesterase  Drugs .  1 

2  Curare,  Mephenesin  (Myanesin),  and  Tetra- 

ethylammonium  Salts .  23 

3  Anti-Histamine  Drugs .  60 

4  Sensitization  to  Drugs  (Drug  Allergy)  .  .  87 

5  The  Steroids  of  the  Gonads  and  Adrenal 

Cortex .  99 

6  The  Thyroid . 122 

7  Bacterial  Chemotherapy . 137 

8  Antimalarial  Drugs . 187 

9  Antrycide . 210 

10  Chemotherapy  of  Malignant  Disease  .  .  .  216 

11  Mutagenic  Substances . 233 

12  Analgesic  Drugs . 238 

13  The  Haemopoietic  System . 269 

14  Anticoagulant  Drugs . 302 

The  Mode  of  Action  of  Drugs . 321 

16  Methods  of  Studying  the  Fate  of  Drugs  in  the 

. 344 

17  Evaluation  of  the  Actions  of  Drugs  in  Man  .  368 

18  The  Control  of  the  Body  Functions  by 

Chemical  Substances . 397 

Index  ... 


XI 


CHAPTER  1 


ANTI-CHOLINESTERASE  DRUGS 

Ix  this  cha{)ter  the  actions  of  anti-cholinesterase  drugs,  witli 
particular  reference  to  the  newly  discov^ered  alkyl  phosphates, 
are  discussed.  A  brief  account  of  chemical  transmission  precedes 
a  discussion  of  the  mechanisms  of  cholinesterase  inhibition.  The 
actions  of  these  drugs  on  neuromuscular  transmission  are  described 
in  some  detail  and  will  be  further  referred  to  in  C'hap.  2  in  dis¬ 
cussing  the  mode  of  action  of  curare.  The  central  nervous  actions 
of  these  drugs  are  only  brielly  mentioned.  For  this  and  other 
aspects  of  anti-cholinesterase  drug  action  the  reader  is  referred 
to  the  excellent  review  on  anti-cholinesterase  drugs  by  Koelle 
and  Gilman  (IPtO). 


Chemical  Transmission 

1  he  work  ol  Loewi,  and  ol  Dale  and  his  colleagues,  has  established 

the  importance  of  chemical  agents  as  transmitters  of  activity  in 

the  autonomic  nervous  system,  at  the  junction  of  motor  nerve 

and  skeletal  muscle,  and  probably  also  in  the  central  nervous 

system.  For  example,  at  the  preganglionic  nerve  endings  of  the 

autonomic  nervous  system,  acetylcholine  (A.Ch.)  is  liberated  by 

nerve  impulses  in  both  sympathetic  and  parasympathetic  divisions. 

l  ie  A.Ch.  so  released  then  stimulates  the  ganglion  cells,  from 

wLich  arise  nerve  impulses  which  pass  along  the  postganglionic 

e^^e  fibres  and  in  turn  liberate  transmitter  agents  from  their 

ner^e  endings  ;  jiostganglionic  parasymiiathetic  nerve  fibres 

prociice  and  liberate  A.Ch.  whereas  most  of  the  postganglionic 

SNinpathetic  fibres  produce  and  liberate  adrenaline  (and  probablv 

nor-adrenahne.  e.g.  von  Euler  'ti  i  j.  ' 

thP7i  4-1  1-mei,  1.141),  1948).  these  substances 

then  a  t  upon  the  structures  innervated  bv  this  system 

In  the  resting  state  the  chemical  transmitters ‘are  apparently 

IV  .-I'y-io^icany  inactiv;,"™'. 
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ANTI-CHOLINESTERASE  DR UGS 


be  termed  “cholinergic”,  and  that  those  which  form  and  liberate 
adrenaline  should  be  called  “adrenergic.” 

The  factors  to  be  considered  in  relation  to  the  action  of  chemical 
transmitters  will  now  be  illustrated  by  a  discussion  of  Neuro¬ 
muscular  Tro  nsmission. 

The  motor  nerve  fibres  to  skeletal  muscle  were  shown  by  Dale, 
Feldberg  and  Vogt  (1936)  to  be  cholinergic  in  character,  since 
motor  nerve  stimulation  caused  the  appearance  of  A.Ch.  in  the 
fluid  collected  from  the  perfused  tongue  of  the  cat.  They  calcu¬ 
lated  that  each  motor  nerve  impulse  liberated  0.00002  fig.  of 
A.Ch.  It  was  further  shown  by  Brown,  Dale  and  Feldberg 
(1936)  that  intra-arterial  injection  of  A.Ch.  (e.g.  2  fig.)  close  to 
the  gastrocnemius  muscle  of  the  cat  could  produce  a  contraction 
equal  in  magnitude,  though  slower  in  time  course,  to  that  which 
followed  a  motor  nerve  volley.  Buchthal  and  Lindhard  (1942) 
applied  minute  amounts  of  A.Ch.  directly  to  the  end-plate  region 
in  lizard  muscle  and  observed  a  propagated  contraction  of  the 
muscle  fibre,  which  was  not  produced  by  even  higher  concen¬ 
trations  of  A.Ch.  in  contact  with  other  parts  of  the  fibre. 

The  acceptance  of  A.Ch.  as  the  neuromuscular  transmitter 
must  also  depend  on  the  demonstration  of  mechanisms  for  its 
rapid  removal  or  inactivation.  It  is  generally  thought  that  the 
enzyme  cholinesterase  plays  the  most  important  role  in  the 
inakivation  of  liberated  ‘  A.Ch.,  but  other  factors  such  as  re- 
synthesis  by  the  nerve  terminals  from  which  it  was  released,  and 


diffusion  into  the  surrounding  medium,  might  also  be  of  some 
significance.  Cholinesterase  hydrolyses  A.Ch.  to  acetic  acid  anc 
choline,  and  thereby  virtually  annihilates  its  powerful  physio¬ 
logical  actions.  In  skeletal  muscles  Marnay  and  Nachmansolm 
(1938)  calculated  that  there  were  sufliciently  high  concentrations 
of  cholinesterase  at  the  motor  end-plate  region  to  account  for  t  le 
inactivation  of  A.Ch.  within  the  refractory  period  of  the  muscle. 
Burgen  (1949)  has  also  suggested  that  the  liberated  A.Ch.  is 
rendered  physiologically  inactive  as  soon  as  it  becomes  fixed  by 
cholinesterase,  before  any  hydrolysis  takes  place.  lere  is 
fore  little  dilliculty  in  accounting  for  the  very  brief  duration  o 
action  of  the  A.Ch.  released  by  a  single  motor  nerve  volley. 


The  nr‘tinns  of  A.Ch.  on  muscle  are  probably  due 


to  its  combi  natic 
motor  end-plate. 
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y  EURO  MUSCULAR  TRAXSMJSSI  ON 

Eccles,  Katz  and  Kuffler  (1941)  and  Eccles  (1948)  have  demon¬ 
strated  the  existence  of  a  negative  electrical  potential  change  at 
the  end-plate  region  (“end-plate  potential,”  e.p.p.)  immediately 
following  the  arrival  of  an  impulse  at  the  motor  nerve  endings, 
and  just  preceding  the  “spike  potential”  associated  with  propagated 
muscular  contraction.  The  work  of  Kuffler  (1943)  shows  that  the 
e.p.p.  represents  a  depolarization  of  the  end-plate  membrane,  and 
that  the  depolarizing  agent  is  A.Ch.  When  the  e.p.p.  exceeds  a 
certain  critical  value  a  spike  potential  is  set  up,  and  propagated 
muscular  contraction  occurs. 


The  Action  of  Drugs  on  Neuromuscular  Transmission 

The  description  of  the  sequence  of  events  w'hich  follows  the 
release  of  A.Ch.  from  motor  nerve  endings  reveals  possible  ways 
in  which  drugs  might  modify  the  normal  transmission  process. 

(1)  Acetylcholine  liberation  might  be  increased  or  decreased. 
It  is  doubtful  whether  any  substances  directly  increase  the 
quantity  of  A.Ch.  released  at  motor  nerv'e  endings,  but  it  is 
highly  probable  that  A.Ch.  liberation  is  decreased  by  procaine, 
which  acts  by  blocking  conduction  in  the  motor  nerve  fibres  or 
their  endings  (Harvey,  1939 ;  Jaco  and  Wood,  1944).  This 
action  would  account  in  part  for  the  “curare-like”  effect  of  this 
drug.  It  has  recently  been  shown  by  Burgen  et  al.  (1948)  that 
Botulinum  Toxin  also  causes  paralysis  by  diminishing  A.Ch. 
liberation  at  motor  nerve  terminals.  This  effect  differs,  however, 
from  that  of  procaine  in  two  ways.  Firstly,  the  toxin  develops 
its  action  very  slowly,  even  when  applied  in  high  concentrations 
directly  to  a  nerve-muscle  preparation  ;  this  is  probably  due  to 
the  large  size  of  the  toxin  molecule,  which  is  a  protein  with  a 
molecular  weight  of  about  1 ,000, ()()().  Secondly,  the  action  of 
this  toxin  is  irreversible. 

(2)  The  activity  of  liberated  A.Ch.  might  be  modified. 

(a)  A  substance  might  react  chemically  with  A.Ch.  before  its 
arrival  at  the  end-plate  or  cholinesterase  receptors.  No  such 
action  IS  known. 

(h)  The  physiological  activity  of  released  A.Ch.  could  be 
enhanced  hy  any  drugs  which  reduce  its  rate  of  inactivation.  The 
anticholinesterase  drugs,  e.g.  Physostigmine  and  Neostigmine,  act 

ai.  ’^ith  the  enzyme  cholinesterase.  They 

apparently  become  attached  to  the  same  enzyme  receptors  by 
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which  A.Ch.  is  normally  fixed  prior  to  hydrolysis,  liy  thus 
prev'enting  the  attaehment  of  A.Ch.  to  cholinesterase,  physo- 
stigmine  allows  the  normally  liberated  physiologically  active 
A.Ch.  to  rise  to  abnorjnally  high  concentrations.  Acting  in  this 
"ay,  physostigmine  potentiates  the  muscular  response  to  motor 
nerve  stimulation  or  injected  A.Ch.  (Brown  ct  oL,  1937). 


— MOTOR  NERVE  FIBRE 


Fig.  1 

Diagram  of  Neuromuscular  .Junctional 
Begion 

Procaine  and  Botnlinani  Toxin  liloek  conduc¬ 
tion  at  the  nerve  ending  (A).  .Icetiflcholine 
stimulates  tlie  motor  end  plate  (B).  Tnbo- 
curarine  also  acts  at  B  to  block  the  action  ol 
A.Ch.  Potassiam  (partly)  and  Adrenalim 
stimulate  the  muscle  fibre  directly  (C). 


(c)  The  physiological  activity  of  released  A.Ch.  could  be 
reduced  by  drugs  which  jirevcnt  its  combination  with  the  specific 
motor  end-plate  receptors.  This  ajipears  to  be  the  mode  of  action 
of  curare  in  the  production  of  skeletal  muscular  paralysis.  It 
was  shown  by  Dale  et  al.  (193(5)  that  curare  did  not  reduce  A.Ch. 
liberation  from  motor  nerve  endings  even  when  the  muscle  was 
completely  paralysed.  This  mode  of  action  is  comparable  to  that 
by  which  atropine  prevents  the  action  of  A.Ch.  on  visceral  struc- 
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tures,  e.g.  heart,  intestine  and  glands.  It  is,  however,  important 
to  note  that  atropine,  in  the  usual  dose  range,  does  not  block  the 
action  of  A.Ch.  on  skeletal  muscle,  nor  does  curare  prevent  the 
visceral  effects  of  A.C’h.  These  facts  may  be  summarized  by  saying 
that  atropine  antagonizes  the  “muscarine  actions,  and  curare 
the  “nicotine”  actions  of  A.Ch. 

(3)  The  response  of  the  muscle  fibre  itself  might  be  directly 
affected  by  drugs.  Brown  (1937)  attributed  some  of  the  potenti¬ 
ating  action  of  potassium  to  such  a  mechanism,  and  a  recent 
analysis  of  the  mode  of  action  of  adrenaline  on  skeletal  muscle 
shows  that  it  probably  acts  directly  to  increase  the  tension 
developed  in  the  individual  fil)re  (Brown,  Biilbring  and  Burns, 
r948). 

Anti -cholinesterase  Drugs 

Many  substances  have  been  described  as  antagonists  of 
cholinesterase  (as  shown  by  in  vitro  studies)  but  it  is  proposed 
here  to  deal  only  with  the  really  powerful  cholinesterase  inhibi¬ 
tors  (and,  more  particularly,  the  recently  discovered  ones)  whose 
in  vitro  activity  can  be  demonstrated  in  concentrations  of  10“® 
Molar,  or  less.  The  important  members  of  this  group  are  : — 

(i)  Physostiginine,  an  alkaloid  obtained  from  Pliysostigma 
venenosum  (Calabar  bean) 

(ii)  N eostigmine  (Prostigmine) 

(iii)  Diisopro])ylfluoroplios])honate  (DFP) 

(iv)  Hexoethyltetraphosphate  (HF^TP) 

(v)  Tetraethylpyrophosphate  (TFiPP) 

The  formuhe  of  these  compounds  are  shown  below. 


Chemical  EormuUc  of  Anti-cholinesterase  Drugs 


CH,NH.CO.O  X\ 


CH, 

I  ^ 

- C - CH, 


I  I 

CHj  CH3 


AsOH 

\yC02H 


Physostigmine  Salicylate 
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[CHjJ^N.CO.O 


\/ 

N  [CHJ, 


i;h,.so^. 

Neostigmine  Methylsulphate 

Dimetliylcarbainic  ester  of  3-hydroxyphenyltrimethyl-ammonium 

methyl  sulphate 

(C'H3),CII0 


p  — 


CoH.O 


(CH3)2C’II0  n  o 

Diisopropylfluorophosphonate  (DFP) 


OCoIL 


O  ^ 


/ 


O 


o 


OC,H, 


'I'etraethylpyrophosphate  (TEPP) 


The  constitution  of  hexaethyltetraphosphate  (HETP)  js  still  uncertain. 
It  consists  of  a  mixture  of  phosphorus  esters  of  which  TEPP  is  the  mam 

active  constituent 


Mode  of  Action  if 

These  drugs  all  produce  pharmacological  actions  similar  to 

those  of  A.Ch.,  and  since  they  inhibit  the  destruction  of  the  latter 
by  cholinesterase  in  vitro  it  is  natural  to  ascribe  their  actions 


types  of  CHOLIS esterases  ^ 

in  vivo  to  tills  property.  The  preservation  “f  J 

mine  in  perfused  animal  tissues  was  an  essential  part  of  the  wo 
which  established  the  importance  of  A.Ch.  as  a  chemical  tra  - 
mitter,  and  it  has  been  shown  that  the  other  drugs  mentioned  can 
also  inhibit  the  in  vivo  destruction  of  A.Ch.  The  only  question 
still  at  issue  is  whether  these  substances  also  produce  effects  by 
actions  independent  of  their  anti-cholinesterase  properties. 

The  chemical  structure  necessary  for  anti-cholinesterase  activity 
is  not  clear.  It  was  originally  suggested  by  Stedman  and  Stedman 

O 


(1981)  that  the  presence  of  the  urethane  group 


N— C  —  O, 


as  found  in  physostigmine  and  neostigmine,  was  essential,  but  the  ^ 
powerful  inhibition  of  cholinesterase  by  DFP,  and  the  alkyl- 
polyphosphates,  HETP  and  TEPP,  which  contain  no  urethane 
grou]),  shows  that  other  possibilities  must  be  considered. 


Types  of  Cholinesterases 

The  correlation  of  in  vitro  inhibition  of  cholinesterase  wdth  the 
in  vivo  pharmacological  actions  of  anti-cholinesterase  drugs  has 
recently  become  more  complicated  with  the  discovery  of  at  least 
two  types  of  cholinesterase  in  body  fluids  and  tissues.  Mendel 
and  Rudney  (1943)  have  shown  the  existence  of  two  enzymes, 
“True”  and  “Pseudo”-cholinesterase  [which  appear  to  correspond 
to  “acetylcholinesterase”  and  “cholinesterase”  described  by 
Nachmansohn  and  Augustinsson  (1948)].  True  cholinesterase 
acts  best  on  low  concentrations  of  A.Ch.,  and  also  readily  hydro¬ 
lyses  acetyl-^-methylcholine,  but  not  benzoylcholine,  whereas 
pseudo-cholinesterase  acts  best  on  high  concentrations  of  A.Ch. 
and  readily  hydrolyses  benzoylcholine,  but  not  acetyl-j8- 
methylcholine.  The  distribution  of  these  two  varieties  of  cholines¬ 
terase  is  important  in  relation  to  the  mode  of  action  of  anti¬ 
cholinesterase  drugs.  The  pseudo-form  is  found  mainly  in  plasma 
and  is  probably  of  little  pliysiologieal  importance  ;  the  true  form 
occurs  in  erythrocytes,  brain,  muscle  and  other  tissues  and  is 
obviously  adapted  to  deal  with  the  A.Ch,  released  at  cholinergic 
nerve  endings.  By  using  aeetyl-^-methylcholine  and  benzoyl¬ 
choline  as  substrates,  in  vitro  studies  can  indicate  the  relative 
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proportions  of  the  two  cholinesterases  in  the  tissue  under  investiga¬ 
tion. 

In  assessing  the  mode  of  action  of  anti-cholinesterase  drugs  the 
possibility  of  differential  inhibition  of  the  two  forms  of  cholines¬ 
terase  must  be  considered.  It  has  been  found,  for  example,  by 
Hawkins  and  Mendel  (1947)  that  DFP  is  100  times  more  powerful 
an  inhibitor  of  pseudo-  than  of  true  cholinesterase,  so  it  is  not 
surprising  that  Mazur  and  Bodansky  (1946)  observed  no  symptoms 
in  man  even  when  DFP  had  produced  99  per  cent  inhibition  of 
plasma  cholinesterase  activity.  Hawkins  and  Mendel  (1947)  noted 
symptoms  in  rabbits  only  when  the  true  plasma  esterase  activity 
was  depressed  to  about  25  per  cent  of  its  original  level,  and 
similar  values  for  brain  cholinesterase  inhibition  in  relation  to 
symptoms  in  rats  were  recorded  by  Koelle  and  Gilman  (1946). 
Riker  and  Wescoe  (1949)  have  studied  quantitatively  the  relation 
between  cholinesterase  inhibition  and  physiological  response  in 
the  submaxillary  gland  of  cats.  After  administration  of  DFP,  up 
to  50  per  cent  of  the  glandular  cholinesterase  could  be  inhibited 
without  affecting  the  response  to  nerve  stimulation.  With  more 
than  50  per  cent  inhibition  there  were  signs  of  enhanced  secretory 
activity  in  response  to  nerve  stimulation,  and  when  90  per  cent 
of  the  glandular  cholinesterase  was  inactivated  spontaneous 
salivary  secretion  set  in.  It  would  be  interesting  so  to  correlate 
increasing  degrees  of  cholinesterase  inhibition  with  functional 
activity  in  other  organs.  When  DFP  is  injected  into  the  body, 
it  will  combine  firstly  with  pseudo-cholinesterase  in  the  blood 
and  tissues,  and  only  when  this  is  “saturated  will  it  react 
significantly  with  true  cholinesterase  and  lead  to  A.Ch.  accumula¬ 
tion  at  cholinergic  nerve  endings.  Burgen  (1948)  has  shown  that 
in  vitro,  physostigmine,  neostigmine  and  lEPP  also  combine 
more  readily  with  pseudo-  than  with  true  cholinesterase,  but 
the  differences  in  affinity  are  less  than  with  DI P. 

Duration  of  Anti-cholinesterase  Drug  Action 

Burgen  (1949)  has  described  in  vitro  studies  of  the  kinetics 
of  cholinesterase  inhibition  which  explain  the  differences  in 
duration  of  action  of  the  various  anti-cholinesterase  drugs. 
Physostigmine  and  neostigmine  show  typically  what  is  describee 
as  competitive  reversible  inhibition  of  cholinesterase  ;  these  drugs 
are  thus  readily  removed  from  their  combination  with  cholines- 
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tcrase,  leaving  the  enzyme  unchanged,  so  their  duration  ot  action 
is  brief.  On  the  other  hand  DFP  and  TEPP  appear  to  react  witli 

cholinesterase  in  two  stages  : — 

(1)  A  reversible  competitive  combination  which  precedes 

(2)  An  irreversible  inactivation  of  the  enzyme,  which  is  res¬ 
ponsible  for  the  prolonged  duration  of  action  of  these  compounds. 
Recovery  of  cholinesterase  activity  in  this  case  depends  on 
synthesis  of  new’  enzyme.  The  initial  combination  betw’cen  DFP 
(or  TEPP)  and  cholinesterase  is  inhibited  by  the  presence  of 
physostigmine  or  neostigmine.  This  antagonism  has  also  been 
show’ll  to  occur  i)i  vivo  (Koster  1946  ;  Ilobbiger,  1949)  and  w'ill  be 
discussed  further  in  the  account  of  myasthenia  gravis.  DFP  is 
even  longer  acting  than  TEPP  ;  this  is  related  to  differences  in 
properties  between  the  diisopropvl  and  diethvhdiosiihorvl  radicals 
(Burgen  1949). 

These  in  vitro  studies  of  the  actions  of  anti-cholinestcrasc  drugs 
would  seem  to  support  strongly  the  view’  that  their  pharmaco¬ 
logical  actions  in  vivo  are  due  to  inhibition  of  cholinesterase. 
Certain  differences  between  members  of  the  group  may  be  due  to 
differences  in  distribution  in  the  body,  w’hich  in  turn  may  be 
related  to  differences  in  physical  properties,  e.g.  lipoid  solubility. 
There  are,  however,  some  facts  which  suggest  that  anti-cholin¬ 
esterase  drugs  may  act  independently  of  their  esterase  inhibiting 
properties.  For  instance,  IRker  and  Wescoe  (1946)  observed  a 
contracture  in  the  denervated  cat  gastrocnemius  following  intra¬ 
arterial  injection  of  25/xg.  of  neostigmine,  after  40  times  this  dose 
of  DhP  had  produeed  no  effect.  This  suggests  that  neostigmine 
may  have  a  direct  stimulating  action  on  skeletal  muscle. 

General  Account  of  the  Actions  of 
DFP  DFP,  HETP  and  TEPP 

v’as  first  prepared  in  1942  by 
:  had  been  show’u  by  Adrian, 
diat  dimethyllluorojihosphonate 
and  that  its  pharmacological 
anti-cholinesterase  drugs  such 
the  vapours  of  these  lluoro- 
a  long-lasting  miosis,  ciliary 
y  attributable  to  bronchiolar 


Diisopropylfluorophosphonatc 

McCombie  and  Saunders  after  i 
Feldberg,  Kilby  and  Kilby  (1941) 
was  a  cholinesterase  inhibitor, 
actions  resembled  those  of  other 
as  physostigmine.  Exposure  to 
phosphonates  in  man  protluccd 
spasm,  and  respiratory  dillicult 
muscle  spasm  (Adrian  et  al.,  1947) 
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Studies  of  the  actions  of  DPT  in  animals  have  revealed  the 
muscarinic  and  nicotinic  types  of  effect  seen  with  physostigmine. 
In  dogs  and  cats,  for  example,  the  muscarinic  actions  include 
profuse  salivation,  increased  secretion  in  the  glands  ot  the  res¬ 
piratory  tract,  bronchospasm,  and  hyperperistalsis  leading  to 
defecation  ;  the  nicotinic  effects  include  muscular  twitching  and 
tremors,  which  may  be  followed  by  convulsions  due  to  stimulation 
of  the  central  nervous  system. 

Hey  mans  and  Jacob  (1947)  noted  an  important  difference 
between  DFP  and  physostigmine  in  the  anaesthetized  dog. 
Physostigmine  was  shown  to  potentiate  the  bradycardia  which 
follows  vagal  stimulation  whereas  DFP  had  no  such  action,  even 
when  the  cholinesterase  activity  of  heart  muscle  had  been  almost 

abolished. 


DFP  on  Neuromuscular  Transmission 

/.  Actions  in  the  Cat.  The  actions  of  DFP  on  neuromuscular 
transmission  have  been  studied  by  Brown  Burns  and  Feld^erg 
(1948)  They  observed  that  DFP  produced  much  less  muscular 
twitchincT  and  fibrillation  than  physostigmine.  In  decerebrate  cats 
close  arterial  injection  of  200  ^g.  of  DFP  produced  increase  m 
the  tension  developed  by  the  tibialis  anterior  muscle  (stimulated 
maximally  through  its  motor  nerve  at  10  sec.  intervals),  compar¬ 
able  to  tlLt  produced  by  arterial  injection  of  20  /xg.  of  physostig- 
mine  (¥acq  incl  Brown,  1987).  The  aetions  of  DTP  are,  however 
auahtatively  very  similar  to  those  of  physostigmine  ;  the 
repetitive  extraction  following  a  single  motor  nerve  volley  (which 
is¥sponsible  for  the  potentiation),  the  production  of  a  poorly 
sustaiXd  contraction  with  high  freipiency  stimulation,  and  * 
repressed  response  to  single  nerve  volleys  afyr  arterial  infection 
of  \  Ch.,  are  seen  with  both  drugs.  Physostigmine  and  UFP  are 
Lot  eouallv  active  against  true  cholinesterase  (Burgen,  1M8). 
U  wLTund  rr  Hunt“(.947)  that  DFP  was  less  elTective  than 

“.Cfrul*,?  TteXtions  of  AXd.-,  neostigmine 

and  DFP  on  neuromuscular  transmission  in  normal  »  'a'e 

arterv  produced  Hushing  and  proliise  ^^atmg  in  t  le 
Sution  of  this  artery.  Excruciating  pain  lasting  about  10 
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was  felt  in  the  hand  and  forearm  ;  at  the  same  time,  but  outlasting 
the  pain  by  10-20  see.,  museular  power  was  greatly  reduced,  with 
complete  recovery  in  30-60  sec.  This  would  seem  to  be  an  example 
of  the  well-known  depressant  effect  of  high  concentrations  of 
A.Ch.  Brief  localized  twitches  in  palms  and  forearm  muscles 
were  also  seen. 

(2)  Neostigmine.  Intra-arterial  injection  of  0.2-1. 5  mg.  of 
neostigmine  (after  1-2  mg.  of  atropine)  produced  slight  flushing 
of  the  skin,  very  little  sweating  and  no  pain.  There  was,  however, 
profound  weakness  of  finger,  hand,  and  wrist  movements,  so  that 
for  1-3  minutes  the  subject  could  not  grip  the  dynamometer. 
Power  began  to  return  in  5  minutes  and  was  normal  in  20-45 
minutes.  Muscular  faseiculations  (i.e.  spontaneous,  small,  irregular 
twitchings)  appeared  within  15  sec.  of  the  injection  and  lasted 
10-30  minutes. 

The  electromyogram  of  the  hypothenar  muscles  was  recorded 
in  these  experiments  by  means  of  a  surface  electrode,  and  the 
ulnar  nerve  was  stimulated  supramaximally  at  the  elbow.  In 
the  normal  state  a  single  motor  nerve  volley  produced  a  single 
diphasic  potential  response  of  constant  size.  After  neostigmine 
a  single  nerve  volley  produced  a  repetitive  discharge,  consisting 
of  3  or  4  potentials  of  progressively  diminishing  magnitude. 
When  two  nerve  volleys  were  given  close  together  (e.g.  10-100 
m.sec.  apart)  the  second  potential  response  was  equal  to  the  first 
in  the  normal  condition,  but  was  markedly  reduced  in  size  after 
neostigmine.  These  findings  agree  with  the  electrical  studies  of 
Brown  (1937)  on  the  action  of  physostigmine,  and  support  the 
hypothesis  of  A.Ch.  transmission  at  motor  nerve  endings 

(3)  DFP.  Harvey  et  al.  (1946)  have  investigated  the'  effects 
o  “'^^-a^terial  DFP  on  the  normal  human  electromyogram. 

^  Ti  produced  sweating,  a  sensation  of  coldness  in 

arm  and  hand,  and  faseiculations  in  the  muscles  of  the  injected 
area  (which  lasted  for  about  nine  days).  .Alotor  weakness  was 
marked  and  persisted  for  long  periods,  e.g.  for  up  to  eleven  weeks 

and  to  twrer^'""^  motor  nerve  volleys, 

hp  f  f  14.  extremely  prolonged  action  of  DFP  mav 

witl7  irreversible  character  of  its  combination 

rnis  cnzjrne.  The  reaction  of  neostigmine  with 
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cholinesterase  is  easily  reversible  and  its  duration  of  action 
correspondingly  brief. 

The  actions  of  A.Ch.,  neostigmine  and  DFP  in  myasthenia  gravis 
will  be  discussed  later. 

DFP  on  the  Central  Nervous  System 

The  production  of  convulsions  with  large  doses  of  DFP  in 
animals  has  been  deseribed.  A  detailed  investigation  of  the 
effects  of  intravenous  and  intrathecal  administration  of  DFP 
on  the  knee  jerk,  and  extensor  and  flexor  reflex  of  the  cat,  has  been 
reported  by  Chennells  and  Wright  (1947).  They  demonstrated  a 
central  stimulant  aetion  very  similar  to  that  of  physostigmme. 
It  was  suggested  by  Schweitzer  et  al.  (1939)  that  the  central 
nervous  stimulant  actions  of  physostigmine  were  related  to  its 
beimr  a  tertiary  amine,  which  in  the  free  base  form  is 
lipoid  soluble  and  ean  therefore  penetrate  into  the  interior  of  the 
nerve  cell.  The  central  nervous  depressant  action  of  neostigmine,  a 
quaternary  ammonium  compound  with  negligible  lipoid  solubility 
might  be  due  to  its  inability  to  pass  through  the  nerve  cell 
membrane.  Thus  the  hypothesis  suggested  that  intracellular 
A  Ch  was  stimulant  to  nerve  eells,  whereas  extracellular  A.Ui 
was  depressant.  In  this  connection  it  is  interesting  to  note  that 
DFP  is  lipoid  soluble,  and,  as  described  above,  it  is  a  central 

^The' artknis  of  DFP  on  the  electroencephalogram  (EEG)  in  man 
have  been  described  by  Grob  et  al.  (1946).  .«ter  a  few  days 
administration  of  1^2  mg.  of  DFP  daily  there  was  usually  some 
increase  in  electrical  activity  in  the  EEG  (greater  variations  in 
potential,  increased  frequency  of /!  waves,  ,,, 

high  voltage  waves  at  frequencies  ol  .5-0  per  sec.).  Th  ,  g 
iisiially  associated  with  central  nervous 
exeessL  dreaming,  nightmares,  insomnia  f 
reported  that  the  EEG  changes  were  inhibited  b>  > ' 
[njeetion  of  1 .2  mg.  of  atropine,  and  that  this  drug  could  also  delay 

the  onset  of  central  nervous  symptoms. 

General  Actions  of  HETP  and  TEPP 
The  condensed  alkyl  phosphates  HE'l'P  ^d  ™PP  -re  intro- 
.hieed  in  Germany  ‘^-ng  the  v^r  as  mseaieid^^  J 

and  it  has  been  shown  by  Ludvik  and  Decker  / 
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nianv  times  more  potent  than  nicotine  against  aphides.  They  are 
powerful  inhibitors  of  cholinesterase,  HETP  being  as  potent  as 
physostigmine,  neostigmine  and  DFP  against  the  true  enzyme  , 
TPiPP  is  about  four  times  as  powerful  (Burgen,  1948). 

These  compounds  produce  similar  symptoms  and  signs  to 
those  described  following  DFP  administration.  Burgen  et  al. 
(1949)  showed  that  these  substances  potentiated  the  effects  of 
vagus  stimulation  on  the  heart,  chorda  tympani  nerve  stimula¬ 
tion  on  salivary  secretion,  and  preganglionic  sympathetic  nerve 
stimulation  on  the  nictitating  membrane  response.  They  also 
enhanced  the  actions  of  injected  A.Ch.  on  these  organs,  hence  their 
effects  could  well  be  due  to  their  anti-cholinesterase  properties. 
HFTP  and  TFPP  have  a  longer  duration  of  action  than  physostig¬ 
mine  and  neostigmine,  but  shorter  than  that  of  DFP. 

C'hennells  et  al.  (1949)  have  studied  the  actions  of  HFTP  and 
TFPP  on  neuromuscular  transmission  and  on  the  central  nervous 
system.  Both  substances  increased  the  muscular  tension  response 
to  motor  nerve  stimulation  and  produced  repetitive  electrical 
potentials  (cf.  DFP).  They  also  antagonized  the  action  of  curare. 
On  the  central  nervous  system  they  w'ere  both  convulsant  (TFPP 
is  lipoid  soluble,  though  less  so  than  DFP)  and  they  facilitated 
and  prolonged  such  reflexes  as  the  knee  jerk,  flexor  and  extensor 
reflex. 

Grob  and  Harvey  (1949)  have  shown  that  arterial  injection  of 
TFPP  (0. 2,5-2. 5  mg.)  produced  in  normal  persons  marked  mus¬ 
cular  fascicidations  and  w'eakness,  which  lasted  about  twice  as  long 
as  after  neostigmine.  The  electromyographic  changes  w'^ere 
similar  to  those  seen  with  neostigmine  and  DFP. 


The  Actions  of  Anti-cholinesterase  Drugs 
in  Myasthenia  Gravis 

asthenia  gravis  is  a  disease  characterized  by  a  gradually 
developing  weakness  of  the  muscles  of  the  body.  *  The  muscles 
supplied  b}  cranial  nerves,  e.g.  levator  palpcbri  superioris,  external 
ocular,  facial,  palatal,  pharyngeal,  larvngeal  and  neck  muscles 
are  usually  the  first  to  be  affected,  then  limb  muscles,  abdominal 
museles,  mtercostals  and  the  diaphragm  are  involved  in  that 
order.  In  normal  subjects  these  muscles  show  the  same  order  of 
susee{)tibility  to  the  action  of  curare. 

Ihe  cause  of  myasthenia  gravis  is  not  yet  clear,  but  on  the 
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theory  that  A.Ch.  is  the  cheniieal  transmitter  at  the  neuromuscular 
junction  the  following  possibilities  must  be  considered  : — 

(i)  There  might  be  an  increase  in  cholinesterase  activity  in  the 
affected  muscles.  Evidence  in  support  of  this  view  cannot  be 
regarded  as  satisfactory. 

(ii)  There  might  be  a  diminished  release  of  A.Ch.  at  motor 
nerve  endings.  Harvey  and  Lilienthal  (1941)  reported  that 
injection  of  A.Ch.  into  the  brachial  artery  of  patients  with  myas¬ 
thenia  gravis  produced  a  violent  contraction  of  the  flexor  muscles 
of  lingers,  hand  and  wrist.  This  response  was  quite  different  from 
the  paralytic  effect  of  arterial  A.Ch.  in  normal  subjects  (Harvey 
et  (iL,  1941).  These  authors  therefore  suggested  that  in  myasthenia 
gravis  there  was  diminished  A.Ch.  liberation  at  motor  nerv'e 
endings,  and  that  the  muscle  was  thereby  sensitized  to  the  action 
of  A.Ch.  However,  Wilson  and  Stoner  (1947)  and  Acheson  et  al. 
(1948)  observed  muscular  contractions  after  arterial  injection  of 
A.Ch.  as  frc(|uently  in  normal  subjects  as  in  myasthenic  patients  ; 
the  evidence  to  support  the  hypothesis  of  reduced  liberation  of 
A.Ch.  at  motor  nerve  endings  is  thus  very  doubtful. 

(iii)  The  close  resemblance  between  the  paralysis  of  myasthenia 
gravis  and  that  produced  by  curare  was  noted  by  Walker  (1934), 
who  later  (1938)  provided  some  indirect  evidence  that  active 
contractions  of  muscles  in  myasthenic  patients  caused  the  libera¬ 
tion  into  the  blood  stream  of  a  curare-like  substance  ;  Wilson  and 
Stoner  (1944)  claimed  that  the  blood  of  myasthenics  (after 
muscular  activity)  contained  a  substance  capable  of  depressing 
neuromuscular  conduction  in  the  frog’s  sciatic  nerv'e-gastrocnemius 
preparation.  This  latter  work  has  been  criticized  on  experimental 
grounds,  but  the  possibility  that  some  curare-like  agent  is  res¬ 
ponsible  for  myasthenic  paralysis  would  appear  to  be  the  most 
fruitful  line  for  future  investigations.  This  view,  which  is  com- 
])atible  with  the  well  known  hyper-sensitivity  of  myasthenic 
patients  to  the  paralysing  action  of  curare,  is  supported  by  some 
recent  observations  of  Kuchthal  and  Engbaek  (1948).  These 
authors  found  that  myasthenic  patients  showed  a  raised  threshold 
for  the  motor  resjxmse  produced  by  arterial  injection  of  A.Ch. 

\Vhatever  the  nature  of  the  abnormality  in  myasthenia  gravis, 
there  is  no  question  that  anti-cholinesterase  drugs  can  restore 
muscular  power  in  a  most  remarkable  way.  This  was  first  shown 
by  Walker  (1934)  with  physostigmine,  and  subsequently  with 
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neostigmine  which,  because  of  its  fewer  side  actions,  became  the 
drug  of  clioice  in  this  condition.  More  recently  it  has  been  shown 
that  other  anti-cholinesterase  drugs  such  as  DFP,  HETP,  and 
TEPP  can  also  restore  muscular  power  in  this  disease. 


Fig.  2 

E1.ECTROMYOGRAM  IN  Myasthenia  Gravis  (see  text) 

A.  Normal  Control. 

B.  Myasthenia  Gravis,  before  injection  of 
neostigmine. 

C.  Mj  asthenia  Gravis,  30  minutes  after  injec¬ 
tion  of  neostigmine. 

(After  Harvey  and  Masland,  19-H.) 


Actions  of  Anti-cholinesterase  Drugs  on  the  Electromyo¬ 
gram  in  Myasthenia  Gravis 

Harvey  and  Masland  (19dl)  have  studied  the  electrical  changes 
in  the  hypothenar  muscles  following  stimulation  of  the  ulnar 


1. 


IG 


A  XT  I -Cl  fOLIX  ESTERASE  DRUGS 

nerve  in  myasthenic  subjects,  surface  electrodes  being  used  both 
for  stimulation  and  recording.  The  results  were  as  follows  : 
(1)  the  action  potential  produced  by  a  single  maximal  nerve  volley 
was  of  normal  size  and  contour,  (2)  when  pairs  of  stimuli  were 
applied  (interval  of  e.g.  20-100  msec,  between  stimuli),  the  second 
potential  response  was  smaller  in  magnitude  and  shorter  in  dura¬ 
tion  than  the  first.  This  abnormal  response  suggests  that  the 
second  stimulus  could  not  excite  all  the  muscle  fibres.  (3)  The 
most  characteristic  abnormality  of  the  myasthenic  eleetromyo- 
gram  was  the  response  to  repetitive  nerve  stimulation  at  high 
rates,  e.g.  50/sec.  In  normal  subjects  the  muscle  potentials  were 
of  constant  amplitude  throughout  the  tetanus,  but  in  myasthenics 
the  tetanic  muscle  potentials  diminished  progressively  in  size, 
till  at  the  tenth  response  the  amplitude  was  about  40  per  cent  of 
that  of  the  first  in  the  series  (Fig.  2). 

Twenty  to  thirty  minutes  after  subcutaneous  injection  of 
neostigmine  in  a  myasthenic  patient  all  electromyographic 
abnormalities  were  completely  eliminated. 

Harvey  et  al.  (1947)  recorded  a  similar  electromyographic 
response  after  intra-arterial  injection  of  DFP  in  myasthenia  gravis, 
the  maximum  effect  oceurring  four  hours  after  injection. 

Intra-arterial  Injection  of  Anti-cholinesterase  Drugs  in 
Myasthenia  Gravis 

Xeostigmine.  The  effects  of  intra-arterial  injection  of  neostig¬ 
mine  in  normal  subjeets  have  already  been  described.  In 
myasthenics,  injection  of  0.5-3  mg.  of  neostigmine  into  the 
brachial  artery  was  found  by  Harvey  and  Lilienthal  (1941)  to 
produce  immediate  restoration  of  muscular  power  in  the  injected 
region,  and  2-5  minutes  later  increased  power  in  the  muscles  of 
the  rest  of  the  body.  The  maximum  effect  was  seen  in  5-10 
minutes  and  the  total  duration  was  3-5  hours.  There  were  usually 
no  muscular  fasciculations  such  as  follow  intra-arterial  injection 

of  neostigmine  into  normal  muscle. 

DEE.  Harvey  et  al.  (1941)  showed  that  arterial  injection  ot 
DFF  (0.5-1. 5  mg.)  produced  an  increase  in  muscular  power 
(maximal  in  15  minutes),  but  no  fasciculations,  in  the  iiijected 
area.  Unlike  neostigmine,  however,  arterial  injection  of  DFP  had 
no  effect  on  muscular  power  in  other  parts  ot  the  body  ;  this  is 
probably  due  to  rapid  inactivation  of  DFP  by  an  enzyme  present 
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in  the  blood  (Mazur,  1946).  The  prolonged  inactivation  of  cholin¬ 
esterase  by  DFP  probably  accounts  for  its  amazing  duration  of 
action  on  muscular  power,  up  to  many  weeks  after  a  single  arterial 
injection  (compared  with  about  six  hours  for  neostigmine). 

Harvey  and  his  colleagues  recorded  some  interesting  responses 
when  both  neostigmine  and  DFP  were  given  by  arterial  injection 
to  the  same  myasthenic  patient.  If  DFP  was  given  first,  the 
effect  of  a  subsequent  injection  of  neostigmine  was  either  to 
increase  muscular  power  still  further  (when  the  DFP  improvement 
was  only  partial)  or  to  decrease  muscular  power  as  in  a  normal 
subject.  Thus  DFP  followed  by  neostigmine  appeared  to  have 
additive  effects.  If,  however,  neostigmine  was  given  first,  a  subse¬ 
quent  injection  of  DFP,  at  the  height  of  the  neostigmine  response, 
had  no  effect  whatever,  either  on  intensity  of  response,  or  on 
duration  of  action.  In  fact  the  response  was  identical  with  that 
produced  by  neostigmine  alone,  a  finding  which  suggests  that  this 
drug  in  some  way  prevents  the  combination  of  DFP  with  cholin¬ 
esterase.  Koelle  (1946)  has  shown  that  neostigmine  reduces  the 
cholinesterase  inhibiting  action  of  DFP  in  vitro,  and  Koster  (1946) 
has  found  that  physostigmine  has  a  protective  action  against 
DFP  poisoning  in  cats.  The  mechanisms  of  these  actions  have 
been  discussed  by  Burgen  (1949). 

TEPP.  Grob  and  Harvey  (1949)  found  that  arterial  injection 
of  TEPP  in  myasthenic  patients  produced  an  increase  in  muscular 
power  (without  fasciculations)  which  was  maximal  within  ten 
minutes  of  the  injection.  As  with  neostigmine,  the  increase  in 
power  was  not  confined  to  the  injected  region.  TEPP  also  restored 
to  normal  the  electromyographic  response  to  ulnar  nerve  stimula¬ 
tion  at  10-50  cycles/see.  As  with  DFP,  neostigmine  blocked  these 
actions  of  TEPP. 


Therapeutic  Effects  of  DFP  in  Myasthenia  Gravis 

Comroe  et  al.  (1946)  gave  DFP  (made  up  in  peanut  oil)  to  sevei 
patients^with  myasthenia  gravis.  Intramuscular  injection  of  2-1 
mg.  of  DFP  produced  effects  for  24  hours.  Three  of  the  patient: 
owrt  objective  and  objective  improvement,  tw< 

snontane  obscUred  bj 

spontaneous  variations  in  the  course  of  the  disease  In  on 
cholinesterase  level  was  zero  and  the  red  cell  cholinesterase  vain. 
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was  14  per  cent  of  normal,  there  was  extreme  muscular  weakness 
which  was  rapidly  and  markedly  relieved  by  injection  of  1  mg. 
of  neostigmine  methyl  sulphate.  These  authors  were  of  the  opinion 
that  neostigmine  has  some  direct  stimulant  action  on  striped 
muscle  in  addition  to  any  effect  due  to  its  anti-cholinesterase 
properties  (cf.  Riker  and  Wescoe,  1946). 

They  also  suggested  that  DFP  and  neostigmine  might  be 
distributed  differently  in  the  body  and  that  this  might  be  related 
to  the  lipoid  solubility  of  DFP,  and  the  water  solubility  of  neo¬ 
stigmine  (cf.  Schweitzer  et  al.,  1939). 

Harvey  and  his  colleagues  (1946)  administered  DFP  in  daily 
doses  of  0.5-2  mg.  to  ten  patients  with  myasthenia  gravis.  In 
nine  of  the  ten  patients  DP'P  was  regarded  as  inferior  to  neostig¬ 
mine,  though  it  did  allow  some  reduction  of  neostigmine  dosage  ; 
its  one  advantage  was  that  owing  to  its  prolonged  action,  it 
produced  greater  strength  in  the  mornings  than  occurred  with 
neostigmine  alone.  In  no  case  did  the  maximal  beneficial  effects  of 
DPT -t- neostigmine  exceed  those  of  neostigmine  alone.  DFP 
produced  marked  side  effects  on  the  central  nervous  system  and  on 
the  gut. 

It  is  clear  from  these  results  that  DFP  is  not  a  satisfactory 
drug  in  the  treatment  of  myasthenia  gravis. 

HETP  in  Myasthenia  Gravis 

Westerberg  and  Luros  (1948)  gave  HPjTP  to  reinforce  the 
effects  of  neostigmine  in  four  patients  with  myasthenia  gravis. 
They  gave  intramuscular  injections  of  up  to  0.86  mg.  kg.  body 
weight  at  3-4  day  intervals,  and  in  this  way  the  prolonged  action 
of  tiie  drug  helped  to  maintain  muscular  power  at  a  much  more 
satisfactory  level  than  with  neostigmine  alone.  The  toxic  actions 
of  HETP  were  generally  similar  to  those  of  DFP  and  included 
the  typical  muscarinic,  nicotinic  and  central  nervous  efiects. 

TEPP  in  Myasthenia  Gravis 

Burgen  et  al.  (1948)  have  described  the  effects  of  TEPP  m  three 
patients  with  myasthenia  gravis.  TEPP  is  more  suitable  than 
HETP  for  theraiieutic  use  as  it  is  a  pure  substance.  It  was  lound 
to  be  about  I  to  i  as  potent  as  neostigmine  but  its  action  was  muc  i 
more  prolonged  (up  to  about  48  hours).  Repeated  doses  produced 
cumulative  effects  which  allowed  a  more  constant  effect  on 
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muscular  power,  but  at  the  same  time  predisposed  to  visceral  and 
central  nervous  toxic  effects  resembling  those  of  neostigmine.  One 
of  the  patients  had  insomnia  and  nightmares  (cf.  DFP)  but  these 
were  readily  controlled  by  barbiturates  (though  not  by  atropine). 
TEPP  was  effective  by  mouth,  10  mg.  being  equivalent  to  about 
100-150  mg.  of  neostigmine  by  this  route.  After  initial  administra¬ 
tion  of  TEPP  by  injection,  an  oral  maintenance  dose  of  8-18 
mg.  daily  was  established.  Further  unpublished  observations  have 
shown  that  TEPP  is  definitely  less  effective  than  neostigmine  in 
some  cases,  particularly  where  muscles  supplied  by  cranial  nerves 
are  predominantly  or  solely  involv€*d.  TEPP  may  also  sometimes 
depress  respiration  by  mechanisms  which  are  not  yet  clear. 

Grob  and  Harvey  (1949)  have  also  reported  on  the  therapeutic 
use  of  TEPP  in  myasthenia  gravis.  They  found  that  TEPP  could 
produce  as  much  increase  in  muscular  strength  as  neostigmine. 
After  an  initial  build-up  by  oral  administration  or  intramuscular 
injection,  they  gave  a  daily  maintenance  dose  of  about  16  mg.  by 
mouth  or  4.8  mg.  by  injection  (in  both  cases  in  divided  doses). 
The  margin  of  safety  with  TEPP  was  very  small  ;  over-dosage 
produced  muscular  weakness  as  well  as  the  side  effects  previously 
mentioned.  Grob  and  Harvey  found  TEPP  preferable  to  neostig¬ 
mine  in  9  of  12  patients. 

To  summarize,  the  actions  of  TEPP  in  myasthenia  gravis  are 
sometimes  as  good  as  those  of  neostigmine,  and  when  it  is  effective 
its  prolonged  action  maintains  muscular  power  much  more  evenly 
than  with  neostigmine.  However,  its  actions  are  not  so  certain 
as  those  of  neostigmine,  and  it  has  a  very  small  margin  of  safety. 


DFP  on  Intestinal  Motility. 


Action  in  Abdominal 
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distension  due  to  various  causes.  In  the  milder  cases  a  single 
injection  of  2  mg.  produced  flatus  in  1-2  hours  and  a  bowel  action 
in  2-8  hours.  INIore  severe  cases  responded  to  DFP  followed  by 
neostigmine  or  vasopressin,  or  to  repeated  injections  of  1  mg.  of 
DFP  at  12  hourly  intervals. 

Quilliam  and  Quilliam  (1949)  have  also  recorded  the  beneficial 
use  of  DFP  in  postoperative  paralytic  ileus,  and  Arneil  and 
Douglas  (1949)  have  described  its  effectiveness  in  removing  flatus. 

Grob  and  Harvey  (1949)  found  TEPP  much  less  active  than 
DFP  on  the  bowel. 

DFP  on  the  Eye.  Use  in  Glaucoma 

Leopold  and  Comroe  (1946)  have  studied  the  actions  of  DFP  on 
the  normal  eye  in  man,  and  have  made  use  of  its  prolonged 
effects  in  the  treatment  of  patients  with  glaucoma. 

Normal  Eye.  The  instillation  of  a  drop  of  0.1  per  cent  DFP  in 
water  into  the  conjunctival  sac  of  the  normal  eye  produced 
constriction  of  the  pupil  in  5-10  minutes,  with  a  peak  action  in 
15-20  minutes,  and  a  total  duration  of  action  of  6-27  days  (0.1  per 
cent  DFP  was  more  potent  than  1  per  cent  physostigmine  sali¬ 
cylate  or  5  per  cent  neostigmine  bromide).  Intraocular  tension 
began  to  fall  5  minutes  after  application  of  DFP,  the  maximal 
reduction  was  seen  at  24  hours,  and  tension  was  normal  again  in 
eight  days. 

Glaucoma.  One  daily' application  of  0.05-0.1  per  cent  DtP 
was  as  effective  as,  or  better  than,  four  daily  applieations  of  physo- 
stigmine  or  pilocarpine.  0.1  per  cent  DFP  produced  no  signs  of 
conjunctival  irritation,  but  headache,  eyeache  and  visual  blurring, 
attributable  to  ciliary  spasm,  frequently  occurred.  No  systemic 
effects  were  recorded.  Marr  (1949)  found  that  in  glaucoma  TEPP 
acted  like  DFP,  but  was  more  irritant  to  the  eye. 
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CHAPTER  2 


CURARE,  MEPHENESIN  (MYANESIN),  AND 
TETRAETHYLAMMONIUM  SALTS 


Ix  this  chapter  the  neuromuscular  blocking  actions  of  curare 
and  other  drugs,  and  the  ganglionic  blocking  actions  of  tetraethyl- 
ammonium  salts  will  be  discussed.  For  convenience  the  actions  of 
mephenesin  (myanesin)  will  also  be  described  here. 

Natural  Sources  of  Curare  and  Related  Drugs 

McIntyre  (1947)  has  given  an  excellent  review  of  the  history 
of  the  preparation  of  curare  as  an  arrow  poison  in  South  America. 
The  obscurity  of  the  botanical  origins  of  the  various  curares  still 
makes  ditlicult  the  interpretation  of  pharmacological  investiga¬ 
tions  of  the  crude  curare  preparations.  Boehm’s  classification  of 
the  curares  according  to  the  type  of  container  (calabash-,  pot- 
and  tube-curare)  was  certainly  helpful,  but  what  is  wanted  now 
is  knowledge  of  the  exact  botanical  sources  of  the  numerous 
curare  alkaloids,  d-tubocurarine  Cl,  which  was  first  isolated  from 
tube-curare  by  King  (1935),  was  subsequently  found  in  crude 
curare  prepared  from  the  Peruvian  plant  Chondrodendron  tomen- 
tosum  (Wintersteiner  and  Dutcher,  1943).  Even  in  this  instance, 
however,  the  issue  is  not  yet  quite  clear,  as  King,  at  a  meeting  of 
the  Chemical  Society  in  April  1948,  reported  that  the  stems  from 
one  sample  of  Ch.  tomentosum  contained  d-tubocurarine  Cl, 
whereas  those  from  another  sample  contained  /-tuboeurarine  Cl. 

Chemical  Structure  in  Relation  to  Curare-like  Action 

ihis  subject  has  been  extensively  reviewed  bv  Craig  (1948) 
and  some  of  the  points  in  his  review  will  be  briefly  discussed. 

(1)  Perij)heral  curare-like  paralysis  is  commonlv  associated 
with  onium  compounds,  of  which  (piatcrnarv  ammonium  salts  arc 

the  most  effective.  Ing  (1936)  has  discussed  this  group  of  sub¬ 
stances. 

(2)  A  few  nitrogen  compounds  which  are  not  quaternary  have 
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a  weak  curare-like  action.  In  general  the  conversion  of  such  a 
compound  to  a  quaternary  compound  greatly  increases  the  curare¬ 
like  action.  For  example,  Harvey  (1940)  showed  that  quinine 
methochloride  (quaternary)  had  a  stronger  curariform  action  than 
quinine  (tertiary). 

(3)  In  the  quaternary  ammonium  compounds  of  the  aliphatic 
series,  the  length  of  side  chain  has  an  extraordinary  effect  on 
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d-tuboeurarine  Chloride 

The  O-dimethyl  ether  is  formed  by  substitution  of  CHj  groups  in  the 

two  ringed  H  atoms 

Erythroidine  has  the  empirical  formulae  CielligNOj.  It  contains  a 
tertiary  N  common  to  two  rings,  a  CH3  group,  two  olefimc  dou  )  e 
bonds  and  a  lactone  ring.  It  contains  an  indole  nucleus 

curariform  activity.  The  tetramethyl-  and  tetrabutyl-compounds 
are  about  equally  potent,  tetrapropyl-  is  weaker,  and  tetraethyl- 
has  practically  no  curare-like  action  at  all.  These  differences  ma> 
be  related  to  such  factors  as  ionic  volume  (Ing,  1936)  or  electron 

distribution  (Holmes  et  ah,  1947).  ,  p  •  i  1  • 

(4)  In  the  quininium  series  increasing  the  length  of  side  chain 
from  CH3— to  C5H11— produces  a  ])rogressive  increase  m  curari¬ 
form  activity. 
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(5)  The  erythrina  alkaloids  which  contain  tertiary  N  have  a 
powerful  curare-like  action.  Conversion  to  the  quaternary  com¬ 
pound  abolishes  curare-like  activity.  This  is  exceptional.  Dihydro- 
erythroidine  is  more  pow'erful  than  erythroidine. 

(6)  The  Curare  Alkaloids.  The  curare  alkaloids  are  bis- 
benzyltetrahydroisoquinoline  compounds.  Methylation  of  the 
two  free  OH  groups  in  d-tubocurarine  Cl  enhances  curare-like 
aetivity  about  10  times.  Ethylation  decreases,  and  butylation 
abolishes  the  action,  l-curarine  dimethiodide  is  nearly  as  potent  as 
d-tubocurarine  Cl ;  methylation  of  its  two  free  OH  groups  increases 
its  potency  about  3|  times. 

d-chondrocurarine  Cl  is  about  three  times  as  potent  as  d- 
tubocurarine  Cl. 

d-N-methylisochondrodendrine  is  1  20  as  potent  as  d-tubocurarine 
Cl. 

(The  above  potency  comparisons  are  based  on  the  rabbit  head 
drop  test.) 

A  compound  closely  related  chemically  to  d-tubocurarine, 
N-methyloxyacanthine,  has  been  studied  by  Marsh  et  al.  (1949), 
■who  found  that  it  was  about  hall  as  potent  as  d-tubocurarine, 
and  that  it  also  had  a  weak  atropine-like  action. 


Methods  for  Testing  Curare-like  Actions  of  Drugs 

Since  the  introduction  of  curare  as  an  adjunct  to  general 
anaesthesia  by  Griffith  and  Johnson  (1942)  the  search  for  new 
compounds  with  a  greater  safety-margin  than  d-tubocurarine  has 
created  a  need  for  accurate  methods  of  assaying  curare-like  action, 

and  the  following  are  the  three  most  important  procedures  which 
liave  been  employed. 

method  was  introduced  bv 
Holaday  (Bennett,  1940).  It  depends  on  the  weakness  of  the  neck 
uscles  produced  after  intravenous  injection  of  the  drug  in  un- 
festhetized  rabbits  ;  the  head  drojis  forward  and  cannot  be 

“Hoad  Drop”  i^sT  <l-tubocurariue  Cl  produces 

The  isolated 

.. i, i.j,  i.,;,"™;,  “XT":  *,i; 
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contraction  of  the  diaphragm  in  response  to  phrenie  nerve 
stimulation  at  5/min.  is  observed.  Repeated  measurements  of 
curare-like  activity  can  be  made  on  one  preparation.  Phrenie 
nerve-diaphragm  preparations  from  kittens,  very  young  rabbits 
and  other  animals  may  also  be  used  (Trevan  and  Mogey,  1948). 

(3)  Mouse  Method.  In  this  method  (Skinner  and  Young,  1947) 
the  eurare  preparation  is  injected  intravenously  in  the  tail  vein  of 
mice,  and  the  onset  of  paralysis  is  indieated  when  the  animals  can 
no  longer  hold  on  to  a  slowly  rotating  eylinder  eovered  by  a  wire 
mesh.  Normal  miee  maintain  their  grip  on  the  eylinder  in¬ 
definitely. 


Recent  Developments  Concerning  the  Mode  of  Action  of 

Curare 

The  classical  studies  of  Claude  Bernard  in  the  middle  of  the  last 
eentury  loealized  the  paralytic  action  of  curare  to  some  point 
between  the  motor  nerve  and  skeletal  musele.  Langley  (1909) 
sucTgested  that  curare  combines  with  “reeeptive  substanees” 
in  the  region  of  the  myoneural  junetion,  and  thereby  prevents 
their  being  acted  upon  by  nerve  stimuli.  These  older  facts  and 
theories  ean  be  readily  correlated  with  newer  developments  m  the 
fields  of  chemical  transmission  and  electrophysiology. 

Dale  et  al.  (1936),  in  experiments  on  the  perfused  eat’s  tongue, 
showed  that  after  the  produetion  of  full  paralysis  by  eurarine, 
hypoglossal  nerve  stimulation  caused  the  liberation  into  the 
perfusing  fluid  of  the  same  amount  of  acetylcholine  as  that 
recovered  from  normal  muscle.  Thus  a  paralysing  dose  of  curarme 
did  not  inhibit  the  release  of  acetylcholine  by  nerve  impulses  at 
motor  nerve  endings.  Brown  and  Feldberg  (1936)  also  showed  that 
eurarine  produced  an  analagous  type  ol  blocking  action  on  trans¬ 
mission  through  the  superior  cervical  sympathetic  ganglion , 
when  the  ganglion  was  paralysed  by  curarme,  preganghomc  nerve 
stimulation  could  still  liberate  normal  cpiantities  of  acetylchohne 
The  mode  of  action  of  eurarine  in  blocking  neuromuscular  and 
ganglionic  transmission  thus  resembles  that  of  atropine  at  post- 

the  contraction  of  the  cat's  gastrocnemius  muscle  evoked  by  close 
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their  studies  of  single  motor  end  plate  responses  in  the  lizard, 
showed  that  curarine  first  blocks  both  the  action  of  acetylcholine 
and  the  effect  of  nerve  stimulation,  while  K  ions  remain  effective 
in  producing  muscular  contraction.  Later  the  effect  of  K  is  also 
abolished. 

The  actions  of  physostigmine  and  curarine  on  the  electrical 
accompaniments  of  neuromuscular  conduction  have  been  very 
fully  investigated  by  kiecles  et  ah,  who  have  published  many  papers 
on  the  effects  of  these  drugs  on  the  end-plate  potential  (e.p.p.) 
(e.g.  Eceles  et  ah,  1941  ;  194‘2  ;  Eceles  and  Kuffler,  1941  ;  Eceles 
and  MacEarlane,  1949;  Kuffler,  194‘2  ;  see  also  chapter  1). 
Physostigmine  increased  the  magnitude  and  duration  of  the  e.p.p. 
produced  by  a  motor  nerve  volley,  but  had  no  effect  on  the  sub¬ 
sequent  spike  potential  associated  with  muscular  contraction  (cat 
soleus  or  frog  sartorius).  Normally  the  e.p.p.  is  dissipated  by  the 
spike  potential  and  lasts  only  a  few  millisec.  The  action  of  physo¬ 
stigmine  was  to  prolong  the  e.p.p.  to  50-100  millisec.,  and  to 
increase  its  magnitude  so  that  repetitive  muscle  spikes  occurred. 
Physostigmine  also  produced  a  secondary  “slow-wave”  of  end- 
plate  negativity  which  might  persist  for  several  seconds.  These 
end-plate  potential  changes  underlie  the  repetitive  electrical  dis¬ 
charge  and  the  increased  mechanical  tension  which  arc 
de^  eloped  after  physostigmine  or  other  anti-cholinesterase  drugs. 
Curaiine  antagonized  all  these  effects  of  {)hysostigmine. 

Curarine,  acting  alone,  produced  the  following'’  effects  on  the 
potentials  at  end-plate  and  muscle  fibre. 


(1)  Diminution  in  size  of  the  e.p.p. 

(2)  No  change  in  latent  period,  but  shortening  of  duration  of 

e.p.p. 


(3)  Delay  in  the  onset  of  spike  potentials. 

(4)  fiventual  abolition  of  spike  potentials. 

blocking  action  of  curarine  is  finally  associ- 

r^u.rcd  for  the  firing  off  of  the  spike  potential.  Curarine 
the  ™d  nilte  action  of  acetylcholine  at 
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Fig.  3 

CUHARINE  ON  EnD-PI.ATP'.  POTENTIAL  (EPP.) 

Records  taken  at  end-plate  region  in  frog  muscle, 

(I  before  application  of  curarine ;  b,  c,  and  d,  show  diminu¬ 
tion  of  the  initial  EPP  as  curarine  action  increases.  Note 
progressive  lengthening  ol  spike  latent  period ;  c,  pure  EPP 
with  no  spike  potential,  i.e.  complete  neuromuscular  block. 

(After  Kufller.  1942.) 

Curare  Paralysis  in  Relation  to  Rate  of  Motor  Nerve  Stimulation. 
The  action  of  cur^irine  on  nenronniscular  conduction  is  related 
to  the  frequency  of  nerve  stimulation.  Ilriscoe  (1936),  using  the 
cat’s  femoral  ncrve-quadriccps  preparation,  showed  that  although 
after  curarine  the  magnitude  of  contraction  increased  m  direct 


ACTION  OF  CURARE 


29 


proportion  to  the  fretpiency  of  stimulation  (up  to  240/sec.),  at 
the  higher  frequencies  the  contraction  became  merely  a  brief 
twitch.  Thus  the  action  of  curarine  was  to  prevent  the  sustained 
contraction  normally  produced  by  tetanic  stimulation.  Brown 
(1938)  show^ed  that  curarine  caused  a  rapid  decline  in  height  of 
muscle  spike  potentials  after  motor  nerve  stimulation  at  50/sec.  in 
the  cat,  and  Harvey  and  Masland  (1941)  observed  a  similar  effect 
in  man  after  “curarization”  by  cjuinine  mcthochloride.  It  should  be 


Tubocurarine-N eostigmine  Antagonism 

Record  sliows  contraction  of  the  isolated  rat  diaphraBm  in 
response  to  stnnulation  of  tl,e  phrenic  nerve  at  10%, in 
(method  as  described  by  lliilbring,  1940). 

K  L  d-tubocurarine  Cl  were  added  tn  thn 

bath.  Note  the  rapid  decrease  in  height'of 

addedio  the  batlf(,%i', s>‘>l>bate  were 
Utu  to  tne  Datb  (witliout  previous  washiniri  Vnfn  tUra 

rapid  restoration  of  the  force  of  muscular ^^ntractio,,! 

(Tracing  obtained  by  Dr.  A.  S.  V.  Burfren 
and  Dr.  L.  .1.  Zalman.)  ” 
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emphasized,  however,  that  tliis  failure  to  sustain  contraction  is 
quite  different  from  the  normal  effect  of  fatigue. 

Antagonists  to  Curare 

The  theory  of  chemical  transmission  by  acetylcholine  at 
motor  nerve  endings,  and  the  demonstration  of  the  mode  of 
action  of  curare,  naturally  suggest  that  the  latter  drug  could  be 
antagonized  by  acetylcholine  itself,  or  by  substances  which 
increase  the  local  concentration  of  acetylcholine  at  the  motor  end- 
plate  region.  The  anti-cholinesterase  drug  physostigmine  was  first 
shown  by  Pal  (1900)  to  have  an  anti-curare  action,  and  the  similar 
effect  of  neostigmine  has  been  frequently  recorded  (e.g.  Hiilbring 
and  Chou,  1947)  (see  Fig.  4).  The  anti-curare  actions  of  a  number 
of  drugs  have  been  compared  by  Chase  et  al.  (1947)  using  the 
rabbit  head  drop  test.  Neostigmine,  in  a  dose  of  0.05  mg./kg. 
intravenously,  increased  the  head  drop  dose  of  tubocurarine 
two  and  a  half  times  ;  0.075  mg./kg.  of  neostigmine  was  no  more 
effective  tlian  0.05  mg./kg.,  and  0.122  mg./kg.  of  neostigmine 
itself  produced  head  drop.  Among  the  anti-cholinesterase  drugs 
comparison  of  anti-curare  activity  on  a  molar  basis  gave  these 
figures  for  potency. 

\eostigmine  =  l,  Physostigmine  =  |,  DFP=:|-. 

These  substances  presumably  act  by  increasing  the  coneentration 
of  acetylcholine  so  that  it  can  overcome  the  threshold  raising 
action  of  curarine  at  the  motor  end-plate.  It  must,  however,  be 
remembered  that  too  high  concentrations  of  acetylcholine  are 
themselves  depressant,  so  that  if  the  curarine  effect  were  very 
great  it  might  be  impossible  to  overcome  it  with  acetylcholine 
at  all.  Thus  in  cases  of  curare  overdosage,  anti-cholinesterase  drugs 
are  of  doubtful  value.  Chase  et  al.  (1949)  showed  that  in  rabbits 
large  doses  of  DFP  (e.g.  O.G  mg./kg.)  reduced  the  dose  of 
tubocurarine  reejuired  to  produce  head  drop,  and  indeed  might 
themselves  produce  chronic  intermittent  head  drop.  I  hey  noted 
a  further  interesting  point,  that  after  sueh  doses  of  DFP,  neostig¬ 
mine  could  sometimes  precipitate  a  })rolongetl  head  drop,  a  findiiig 
of  importance  in  relation  to  the  clinical  observations  of  Purgen  et 
al.  (to  be  published)  that  neostigmine  was  sometimes  quite 
ineffective  in  myasthenic  patients  who  had  previously  been  treated 

with  TEPP. 
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SYNTHETIC  CVHARIEOKM  AGENTS 

Tlie  anti-curare  action  of  potassium  salts  was  demonstrated  by 
Wilson  and  Wright  (1936),  who  showed  that  intra-arterial  injection 
of  KCl  produced  an  immediate  and  very  marked  increase  in 
muscular  power  in  cats  in  which  curarine  had  reduced  the  response 
to  about  20  per  cent  of  normal.  The  recovery  of  muscular  po^\er 
following  intra-arterial  neostigmine  was  more  gradual  than  that 
produced  by  KCl. 

It  has  been  claimed  that  guanidine  antagonizes  the  actions  of 
curare,  but  Biilbring  and  Chou  (1947)  found  this  effect  to  be  very 
feeble  on  the  rat-phrenic  nerve-diaphragm  preparation. 

It  is  very  fortunate,  from  the  clinical  point  of  view,  that  the 
muscle  paralysing  dose  of  curare  has  no  other  serious  toxic  effects. 
Many  times  the  dose  necessary  to  produce  respiratory  paralysis 
can  be  tolerated  provided,  as  Sir  Benjamin  Brodie  showed  in  1812, 
that  artificial  respiration  is  maintained  until  muscular  power 
returns.  To  overcome  the  difficulties  arising  from  possible  bronchi- 
olar  spasm  the  artificial  respiration  should  be  of  the  positive 
pressure  type  such  as  ana-sthetists  can  so  readily  use  by  pressure 
on  the  ana'sthetic  bag. 

Actions  of  Synthetic  Curariform  Agents 

The  actions  of  a  number  of  synthetic  curariform  agents  have  been 
reviewed  by  Bovet  and  Bovet-Nitti  (1948)  and  by  Cheymol  (1949). 

Bovet  et  al.  (1947  ;  1949),  in  studying  simplifications  of  the 
tubocurarine  molecule,  found  that  bis  (8-quinolyloxy)  a  :  co 
pentane  diethiodide  (3381  RP)  and  bis  (2-dimethylaminophenoxy) 
a  ;  o)  pentane  dimethiodide  (3565  RP)  were  both  nearly  as  potent 
as  tubocurarine,  and  that  their  effects  were  antagonized  by 
jihysostigmine.  Compound  3381  R.P,  also  had  weak  anti-cholin¬ 
esterase  actions. 

"'Bovet  Compounds'^ 
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HC^  V  \h 

3381  R.P. 

1  11  1 

1  II  1 

HC^ 

C  ^Nf 

1  1  N 

HCx  A,^CH 
,-N+  C 
''  1  1 

I  '  ' 

0 - 

r  -j  II  'xj 

(CHjIj— 0  CjHj 

Bis  (8-quinolyloxy)  a:w  pentane  diethiodide 
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3565  R.P. 


—  0  —  [c  Hj  ]5-  0  - 


Bis  (2-diniethylaminoi)lienoxy)  a:oi  pentane  dimethiodide 


I 


Compound  R.P.  3697 
(“Flaxedil”) 


c- 

H 


1 :2:3-Tris  (j8-diethylaminoethoxy)-benzene  triethiodide 

Wien  (1948)  has  shown  that  another  of  Bovet’s  compounds, 
1:2:  S-tris  (/3-diethylaininoethoxy)-benzene  triethiodide  (3697  RP 
“Flaxedil”)  is  also  a  powerful  curariform  agent  with  a  very  weak 
ganglionic  blocking  action  ;  its  effects  are  reversed  by  physostig- 
mine  and  neostigmine. 

Bovet  et  al.  (1948)  have  reported  on  the  curare-like  actions  of 
the  di-choline  ester  of  terephthalic  acid  and  related  compounds. 
They  are  weaker  than  tubocurarine,  but  their  most  important 
feature  is  their  brief  duration  of  action,  which  is  probably  due  to 
the  ease  with  which  the  ester  bond  is  split  in  vivo. 

Bovet  and  Bovet-Nitti  (1949)  have  also  shown  that  succinyl 
choline  and  the  closely  related  6iV(i8-dimethylammoethyl)  succinate 
diethiodide  (362  I.S.)  are  powerful  curare-like  agents  ;  the  latter 
is  about  as  potent  as  tubocurarine,  though  shorter  acting,  and 
since  it  does  not  lower  the  blood  pressure  like  succinyl  choline 
it  has  been  considered  suitable  for  clinical  trial. 

Polymethylene  Bistrimethylammonium  Salts 
General  structure  (Cn3)3N  +  (CIl2)n  +  N(ClT3)3.2  1 
In  Pentamethonium  iodide  (Cj),  n  =  5 
In  Decamethonium  iodide  (Cm),  n  =  10 
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CH^— COOCH2— CH^-N^CHj 

i  \cH3 

C  C  0  0  C  H2—  C  H2-  Hj 

j  ^CH, 

Succinyl  Choline  Iodide 

CHj— C00CH,-CH,-N— CH, 
‘  2  2  j  V  3 

CHj-COOCHj— CHj— nAhj 

1  C2H5 


3G2  I.S. 

It  will  be  noted  that  the  spacing  between  the  nitrogen  groupings  in  both 

these  compounds  is  comparable  to  that  in  dccamethonium  iodide 

Bovet  and  Bovet-Nitti  (1948)  discuss  earlier  work  with  com¬ 
pounds  of  this  group  containing  up  to  5  methylene  groups,  but 
these  substances  had  very  weak  curare-like  aetions.  Detailed 
studies  on  the  actions  of  the  polymethylene  a,  cy-6?5trimethyl- 
ammonium  salts  (€113)3  N  +  (CH3)32  I~  have  recently 

been  reported  by  Barlow  and  Ing  (1948)  and  by  Baton  and  Zaimis 
(1948  ;  1949).  The  results  of  experimental  work  on  these  com¬ 
pounds  may  be  summarized  thus  : — 

(1)  Decamethonium  iodide  (Cj^)  paralyses  transmission  at  the 
neuromuscular  junction.  Pentamethonium  iodide  (C5)  paralyses 
transmission  at  the  ganglionie  synapse.  Adjaeent  members  of 
the  series  have  similar  properties  in  less  degree. 

(2)  Decamethonium  iodide  produces  neuromuscular  block  in 
very  small  doses,  e.g.  in  the  chloralosed  eat,  30-40  ug./kg.  i.v., 
or  1  /xg./kg.  by  close  arterial  injection,  are  effective. 

(3)  A  striking  feature  of  tlie  action  of  decametlionium  iodide  in 

cats  IS  the  relatively  wide  margin  between  the  dose  reiiuired  to 
pharmacology  ^ 
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paralyse  leg  muscles  and  that  required  to  paralyse  respiratory 
muscles.  With  tubocurarine  the  ratio 
dose  required  to  paralyse  respiration 

-  —  1  ^  •  wii'ii  fippntup- 

dose  required  to  paralyse  limb  muscles  ’ 

thonium  iodide  this  ratio  =  2.2. 

(4)  Decamethonium  iodide  differs  from  d-tubocurarine  in 
certain  respects  : — 

(а)  It  has  an  initial  stimulating  action  on  skeletal  muscle  when 
given  by  close  arterial  injection.  It  also  has  an  anti¬ 
cholinesterase  action,  especially  against  the  “true”  enzyme. 

(б)  After  partial  paralysis  by  decamethonium  iodide,  motor 
nerve  tetanus  produces  a  well-sustained  contraction. 

(c)  The  action  of  decamethonium  iodide  is  not  antagonized  by 
physostigmine  or  neostigmine.  It  is  however  reversed  by 
pentamethonium  iodide,  when  the  latter  is  administered  in 
10-100  times  the  dose  of  decamethonium  iodide. 

(d)  Decamethonium  iodide  has  less  ganglionic  blocking  action 
than  tubocurarine. 

(e)  Decamethonium  iodide  has  weaker  histamine  and  heparin- 
liberating  actions  than  tubocurarine. 

(5)  Studies  in  various  animal  species  show  that  the  action  of 
decamethonium  iodide  is  greatest  in  the  cat  and  in  man.  The 
actions  in  man  will  be  discussed  later. 

(6)  Decamethonium  iodide  is  easily  synthesized,  and  requires 
no  biological  standardization. 

(7)  Pentamethonium  iodide  produces  ganglionic  block  without 
diminishing  the  release  of  acetylcholine  from  preganglionic  nerve 
terminals.  It  has  no  anti-cholinesterase  activity,  no  muscarine¬ 
like  actions,  and  no  stimulating  actions  like  nicotine. 

Paralysing  Action  of  Tubocurarine  in  Normal  Man 

The  sequence  of  paralysis  of  the  muscles  by  curare  has  already 
been  mentioned  in  comparing  the  effects  of  this  drug  with  the 
order  of  involvement  of  muscles  in  myasthenia  gravis  (Chaj).  1 ). 
The  approximate  sequence  is — muscles  supplied  by  cranial  nerves, 
limb  muscles,  abdominal  muscles,  intercostals,  and  finally  the 
diaphragm.  This  may  be  illustrated  by  experiments  recorded  by 
Prescott  fl/.  (1946)  in  which  Dr.  Prescott  was  himself  the  subject. 


TUBOCIJRAIUNE  IN  MAN  35 

d-tubocurariiic  Cl  was  injected  intravenously  and  the  effects  were 

as  follows  :  — 

1-2  mg.  produced  only  diplopia,  from  an  effect  on  the  extrinsic 
ocular  muscles. 

10  mg.  produced  diplopia,  ptosis,  strabismus,  and  a  feeling  of 
weakness,  and  partial  loss  of  power  in  other  muscles. 

20  mg.  The  above  effects  occurred  in  less  than  one  minute,  and 
there  was  paralysis  of  face  and  neck  muscles  in  two  minutes. 
There  was  then  rapid  spread  of  paralysis  to  the  larynx,  limbs, 
abdomen  and  intercostals  ;  the  tidal  air  was  reduced  from  750 
to  500  ml.  but  the  respiratory  rate  was  unchanged.  Recovery 
of  power  occurred  in  the  reverse  order  and  began  in  about  15 
minutes,  the  eye  signs  taking  longest  to  disappear  (3-4  hours), 

30  mg.  Within  three  minutes  there  was  complete  paralysis, 
including  the  intercostals.  At  five  minutes  the  tidal  air  had 
fallen  from  750  to  115  ml.  and  artificial  respiration  was  necessary 
owing  to  the  inadequacy  of  the  rapid  shallow  diaphragmatic 
contractions.  (The  central  nervous  effects  are  considered  else¬ 
where.)  Muscular  power  returned  in  30-40  minutes,  but 
diplopia  and  ptosis  were  still  present  at  four  hours.  After  six 
hours  there  was  nothing  abnormal  except  a  feeling  of  tightness 
in  the  chest  which  lasted  several  days. 


Variations  in  Sensitivity  to  Tubocurarine 

Apart  from  the  well-known  hypersensitivity  of  myasthenic 
patients  to  tubocurarine  (Bennett  and  Cash,  1943),  some 
apparently  normal  persons  may  react  excessively  to  this  drug 
For  example.  Gray  and  Halton  (1948)  observed  complete  muscular 
paralysis  with  respiratory  arrest  after  injection  of  2  mg.  of  d- 
tubocurarine  Cl  into  an  unanaesthetized  patient.  These  authors 
and  others  (Salan  and  Carmichael,  1948)  have  recorded  deaths 
rom  the  iisua  doses  of  tubocurarine.  It  has  therefore  been 

Cl^hP^ir  to  a  test  dose  of  5mg.  of  d-tubocurarine 

Cl  be  observed  before  the  full  amount  is  administered. 

Actions  of  Erythroidine  and  Quinine  Methochloride  in  Man 
Burman  (1940)  and  Harvey  and  Masland  (1941)  have  shown 
hat  intravenous  injection  of  erythroidine  or  cpiiniirmeZ 
<-}.lor,<le  pro<luces  <-„rare-like  paralysis,  associatcl  iith  drowsiness 
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Fig.  ~y 

Action  of  Decametiionium  Iodide  in  a  Normal  Subject 

The  reduction  in  hand  strength  after  intravenous  injection  of  3  mg.  of 
decamethonium  iodide  is  well  seen.  The  more  speedy  recovery  after 
injection  of  30  mg.  of  pentamethonium  iodide  is  also  shown. 

(After  Organe,  Paton  and  Zaimis,  1949.) 


and  other  signs  of  central  nervous  depression.  The  blood  pressure 
may  be  reduced,  sometimes  to  a  dangerous  degree.  These  drugs 
are  too  toxic  for  therapeutic  use. 


Actions  of  Synthetic  Curarizing  Agents 
in  Normal  Man 

Decamethonium  Iodide 

Organe  et  al.  (1949)  studied  the  effects  of  decamethonium  iodide 
in  three  normal  persons.  They  noted  that  8  mg.  intravenously 
produced  a  degree  of  paralysis  roughly  comparable  with  that 
prodiieed  in  a  conscious  subject  by  15-2()  mg.  of  d-tuboeurarine  C  l 
The  reduction  in  hand  strength,  and  the  antagonism  e.verted  bv 
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pentamethonium-  towards  decamethonium  iodide,  are  illustrated 
in  Fig.  5.  When  abdominal  museiilar  weakness  was  well  marked 
vital  eapaeity  was  redueed  by  about  35  per  eent.  No  signifieant 
side  effeets  were  reeorded  with  3  mg.  of  deeamethonium  iodide. 
Grob  et  al.  (1949)  noted  that  intravenous  injection  of  2.5  mg.  of 
decamethonium  iodide  produced  almost  complete  paralysis  of  the 
muscles  of  the  extremities  with  relatively  slight  weakness  of  the 
muscles  concerned  with  swallowing,  speech  and  respiration. 

Organe  et  al.  also  observed  the  effects  of  intravenous  injection 
of  20-40  mg.  of  pentamethonium  iodide  in  the  same  subjects. 
There  were  signs  of  cutaneous  vasodilatation,  and  orthostatic 
hypotension  for  up  to  30  min.  after  injection. 


R.P.  3697  (“Flaxedil”)  I 

Mushin  et  al.  (1949)  have  investigated  the  actions  of  “Flaxedil” 
in  conscious  persons.  Intravenous  injection  of  40-70  mg.  produced 
complete  paralysis  of  forearm  and  abdominal  muscles  without 
demonstrable  decrease  in  pulmonary  ventilation.  Recovery  from 
paralysis  occurred  in  about  25  min.,  and  could  be  greatly  hastened 
by  intravenous  injection  of  neostigmine.  The  drug  had  no 
significant  effect  on  blood  pressure. 


Curare  and  the  Central  Nervous  System 

The  actions  of  curare  on  the  central  nervous  system  have  been 
shown  by  many  workers,  some  of  whom  have  observed  stimulant 
actions,  and  others  have  recorded  depressant  effects.  Stimulation 
has  most  frequently  been  produced  by  direct  application  of  curare 
or  d-tubocurarine  Cl  to  nervous  tissue,  and  depression  by  intra¬ 
venous  injection  of  large  doses.  It  is  not  proposed  to  discuss  the 
conflicting  experimental  work  on  animals,  which  has  been  reviewed 
by  McIntyre  (1947),  but  an  account  will  be  given  of  some  important 
observations  m  man.  Dr.  Prescott  (Prescott  et  al,  1946)  described 
t  ie  sensation  of  respiratory  muscle  weakness  after  30  m^.  of 
d-tubocurarme  as  most  terrifying,  more  particularly  becauS?  he 
was  unable  to  inform  his  colleagues  about  the  obstruction  in  his 

tTh.?”  ‘.h^™llection  of  mucus.  He  began  to  lose  conscious- 
ess  before  artihc.al  respiration  was  begun,  but  this  was  probably 
ue  to  asphyxia.  At  no  time  was  there  any  analgesic  or  hypnotic 
Toted  ’  ascribable  to  the  drug per’se  were 
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A  similar  lack  of  cerebral  eftects  after  intrav'enous  injection  of 
2^  times  the  respiratory  paralysis  dose  of  d-tubocurarine  was 
reeorded  also  by  Smith  et  al.  (1947)  in  an  experiment  on  Dr.  S.  M. 
Smith.  They  observed  no  changes  in  the  eleetroeneephalogram, 
no  mental  disturbances  and  no  alterations  in  sensation.  In  partieu- 
lar  there  was  no  analgesia.  In  this  case  artificial  respiration  with 
Og  administration  was  quite  adequate  throughout. 

A  speeifie  study  of  the  possible  analgesie  action  of  d-tubocurarine 
was  undertaken  by  Kellgren  et  al.  (1940).  Intravenous  injeetion 
of  7.5  mg.  of  d-tubocurarine  Cl  produeed  weakness  of  facial, 
neck  and  limb  muscles  but  there  was  no  change  in  pain  or  touch 
sensations  tested  by  von  Frey’s  hairs  and  needles.  There  were  also 
no  eerebral  changes  as  judged  by  mental  arithmetic  tests,  ete. 

There  is  thus  no  evidenee  for  any  signifieant  eentral  nervous 
action  even  when  full  paralysing  doses  of  d-tubocurarine  are  given. 
Gray  (1948)  has  described  experiments  on  normal  human  volun¬ 
teers  whieh  showed  that  d-tubocurarine  Cl  in  no  way  potentiates 
the  eentral  depressant  action  of  thiopentone.  It  may  therefore 
be  coneluded  that  d-tubocurarine  Cl  has  no  effeets  of  any  praetical 
importance  on  the  eentral  nervous  system  when  administered 
intravenously  as  an  adjunet  to  general  amcsthesia. 

Liberation  of  Histamine  by  Curare 

West  (1935)  described  the  oceurrence  of  bronehospasm  in 
dogs  and  in  man  after  administration  of  certain  preparations  of 
curare.  The  discovery  by  Alam  et  al.  (1939)  that  curare  or  d- 
tubocurarine  Cl  causes  the  release  of  histamine  from  skeletal 
musele  suggests  a  possible  meehanism  for  the  production  of 
bronehospasm.  It  is  true  that  there  is  no  evidenee  for  release 
of  histamine  from  the  lungs,  but  that  released  from  skeletal 
muscle  eould  reach  the  lungs  via  the  blood  stream.  Schild  and 
Gregory  (1947)  showed  that  when  d-tubocurarine  and  other 
eurarizing  agents  were  added  to  fluid  perfusing  dog’s  striped 
musele,  there  was  no  close  relation  between  curare-like  potency 
and  the  power  to  release  histamine.  Silva  and  Schild  (1949) 
have  made  (juantitative  studies  of  this  action  of  tubocurarine 
on  rat  muscle,  and  have  speeulatively  suggested  that  this 
compound  might  compete  with  histamine  to  combine  with  the 
receptors  in  muscle  to  which  the  latter  is  bound  before  its 

release. 
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Coniroe  and  Dripps  (1946)  demonstrated  that  intracutaneous 
injeetion  of  Intoeostrin  or  d-tiiboeurarine  Cl  in  man  produced 
large  wheals  and  flares  similar  to  those  produced  by  histamine. 
Intra-arterial  injection  of  these  substances  had  the  same  effect. 
Grob  et  al.  (1947)  analysed  these  actions  more  fully,  and  showed 
that  the  skin  responses  were  inhibited  by  the  anti-histamine  drug, 
pyribenzamine.  The  liberation  of  histamine  from  the  skin  into 
the  circulation  was  demonstrated  by  a  considerable  increase  in 
HCl  secretion  by  the  stomach  after  intra-arterial  injection  of 
d-tubocurarine  Cl.  Grob  et  al.  also  showed  that  intramuscular 
injection  of  tubocurarine  produced  a  moderate  stimulation  of 
gastric  secretion,  whereas  intravenous  injection  had  no  significant 
effect.  It  should  be  emphasized  that  histamine  liberation  occurs 
only  when  high  concentrations  of  tubocurarine  come  into  contact 
with  tissues  such  as  skin  or  muscle.  One  might  expect  that 
bronchospasm  would  be  observed  more  frequently  after  intra¬ 
muscular  than  after  intravenous  injection,  except  perhaps  when 
the  latter  be  given  very  rapidly. 


Curare  and  the  Circulation 

Apart  from  the  secondary  effects  due  to  asphyxia,  curare 
produces  very  little  effect  on  the  circulation.  It  is  generally 
agreed  that  there  is  no  toxic  action  on  the  heart,  and  the  electro¬ 
cardiogram  is  unaffected  by  the  use  of  tubocurarine  in  anaesthesia 
(Gray,  1948).  Reports  on  the  effect  of  tubocurarine  on  blood  pres¬ 
sure  are  somewhat  conflicting,  but  although  a  fall  may  follow 
rapid  intravenous  injection  of  large  doses  in  animals,  the  usual 
dose  in  man  has  generally  no  significant  effect. 


Curare  and  Respiration 

turare  influences  breathing  by  its  peripheral  paralysing  action 
on  the  respiratory  muscles,  and  it  may  sometimes  cause  broncho¬ 
spasm,  perhaps  by  histamine  liberation.  McIntyre  (1947)  believes 

central  respiratory  depression,  but  Harvey 
(1940)  showed  that  full  curarization  by  means  of  quinine  metho- 

c  ilonde  had  no  effect  on  the  discharge  of  nerve  impulses  along  the 
phrenic  nerve.  ^ 

The  laryngeal  muscles  arc  relaxed,  thus  facilitating  intubation. 

me::':®',;!'.''"  "  ^  ‘•-Ph-g-tio  move. 
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Curare  and  Other  Systems 

Although  curare  abolishes  the  nicotinic  actions  of  acetyl¬ 
choline  it  has  very  little  or  no  effect  on  the  muscarinic  actions 
of  acetylcholine,  so  that  secretions  and  smooth  muscle  reactions 
are  generally  little  altered. 

Urine  volume  is  decreased  during  moderate  or  deep  curare 
poisoning,  and  the  action  of  diuretics  is  depressed.  These  effects 
might  be  due  to  increased  liberation  of  anti-diuretic  hormone  from 
the  neurohypophysis. 


Fate  of  Curare  in  the  Body 

Absorption.  Absorption  from  the  unbroken  skin  does  not 
occur,  but  some  absorption  from  mucous  surfaces  has  been 
described  (see  McIntyre,  1947).  The  gut  does  not  provide  a 
completely  impermeable  barrier,  but  the  oral  lethal  dose  is  about 
50  times  the  subeutaneous  lethal  dose.  Mahfouz  (1949)  showed 
that  in  rats  tubocurarine  could  be  absorbed  from  the  small 
intestine,  but  not  from  the  stomaeh. 

Blood  Levels  and  Distribution.  Mahfouz  (1949)  has  measured 
blood  and  cerebrospinal  fluiddevels  after  intravenous  injection  of 
tubocurarine  in  man.  The  resulting  small  concentrations  of 
tubocurarine  were  estimated  by  recording  the  degree  of  inhibition 
of  the  acetylcholine  induced  contracture  of  the  frog  rectus  ab¬ 
dominis  muscle.  In  blood,  no  tubocurarine  was  found  in  the 
red  cells,  and  the  mean  plasma  levels  after  injection  of  0.2  mg./kg. 
of  tubocurarine  were  as  follows  : —  > 


Time  after  injection 
3  minutes 
15  minutes 
30  minutes 


Plasma  level 
4  /tg./ml. 
2.6  fig./ml. 

1 .0  //g./inl. 


Degree  of  paralysis 
full  paralysis 
recovery  started 
apparent  recovery. 


The  3-minute  value  corresponds  to  an  even  distribution  of  tubo¬ 
curarine  in  the  plasma  volume.  ,  ^  /  i  qq 

In  one  case,  the  cerebrospinal  Iluid  level  was  2. a  pg.Inn.  33 

minutes  after  injection.  ...  i  i 

\n  interesting  fact  about  the  distribution  of  curare  has  been 

established.  Experiments  on  dogs  by  Ilarroun  and  Hathaway 
(1946)  and  clinical  observations,  in  patients  operated  on  by 
Uesarean  Section,  by  Whitaker  and  Fisher  (1945)  and  by  Gray 
(1947).  all  seem  to  show  that  curare  does  not  pass  across  the 
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placenta  from  the  maternal  to  the  foetal  circulation.  There  were 
no  signs  of  paralysis  in  the  foetus  at  a  time  when  the  mother 
showed  full  abdominal  relaxation.  Buller  and  Young  (1949)  have 
shown  in  rabbits  and  guinea  pigs  that  maternal  blood  levels  of 
tubocurarine  equivalent  to  those  produeed  therapeutically  in  man, 
do  not  cause  paralysis  of  the  fadus,  though  nerve-muscle  prepara¬ 
tions  of  the  latter  are  fully  sensitive  to  tubocurarine.  Young 
(1949)  has  similarly  shown  that  decamethoniuni  iodide  does  not 
cross  the  placental  barrier  in  rabbits  or  guinea  pigs. 

Fate  and  Excretion.  Mahfouz  (1949)  recovered  30-40  per  cent 
of  injected  tubocurarine  from  the  urine  after  therapeutic  doses  in 
man.  Excretion  continued  for  several  hours,  even  though  paralysis 
lasted  only  half  an  hour.  In  mice  60  per  cent  of  tubocurarine  was 
inactivated  within  4  hours,  and  Mahfouz  suggests  that  some 
destruction  may  occur  in  striped  muscle.  It  has  been  suggested 
that  the  liver  and  kidney  play  important  roles  in  the  detoxication 
of  curare,  but  Everett  (1948)  found  no  difference  between  normal 
rats  and  rabbits,  and  nephrectomized,  hepatectomized  animals, 
with  respect  to  degree  or  duration  of  action  of  tubocurarine.  It 
therefore  seems  probable  that  tubocurarine  is  extensively  des¬ 
troyed  in  the  tissues  throughout  the  body,  and  a  practical 
implication  of  this  work  is  that  liv^er  or  kidney  disease  is  no  contra¬ 
indication  to  the  administration  of  tubocurarine. 


Clinical  Uses  of  Curare 

There  is  now  a  very  extensive  literature  on  the  clinical  applica¬ 
tions  of  the  actions  of  curare  in  causing  neuromuscular  block,  and 
only  some  of  the  more  recent  contributions  can  be  considered  here. 
Brodies  and  Waterton’s  experiments  early  in  the  19th  century 
suggested  the  use  of  curare  to  aholish  the  violent  muscular  spasm's 
of  tetanus,  and  treatment  firstly  of  equine,  and  later  of  human 
eases  was  reported  m  the  middle  of  the  oenturv.  Other  convulsive 
disorders  such  as  e,hlepsy  and  rallies  were  also 'trcateil  with  curare. 

from  the'i  '''’■’'‘'■“I”""  "f  p.-u-alysing  actions  of  curare  date 

mni  H  ‘I'at  of  Hartridge  anil  West 

(1931).  Bremer  showed  that  decerebrate  rigidity  in  cats  could  be 
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important  to  emphasize  that  West  used  varieties  of  crude  curares, 
only  a  few  of  which  were  lissive,  so  that  this  action  might  have 
been  due,  not  to  d-tuhocurarine,  but  to  unknown  substances, 
whose  effects  might  well  have  been  exerted  on  the  central  nervous 
system.  In  supj)ort  of  this  view,  West  (1937)  found  that  tubo- 
curarine  was  ineffective  in  a  patient  with  spastic  paraplegia  in 
whom  a  crude  curare  preparation  relieved  muscular  spasm. 

Curare  in  Tetanus 

Cole  (1935)  observed  the  effects  of  a  partially  purified  curare 
preparation  in  three  patients  with  tetanus  and  concluded,  as  have 
others  since,  that  while  curare  can  control  the  convulsions  in  this 
disease  it  is  very  doubtfnl  whether  it  influences  the  ultimate 
prognosis.  The  control  of  the  convulsions  of  tetanus  is  probably 
more  easily  affected  by  central  nervous  depressant  drugs  such  as 
barbiturates  and  bromethol ;  the  eftects  of  mephenesin  in  this 
disease  will  be  mentioned  later. 

Curare  in  Spastic  Disorders 

West  (1932  ;  1935)  described  the  clinical  use  of  curare  prepara¬ 
tions  in  spastic  disorders  of  different  origin.  In  some  instances 
satisfactory  relaxation  of  muscle  spasm  resulted  without  the 
production  of  paralysis  or  other  toxic  side  actions.  In  Parkinsonian 
rigidity,  however,  curare  appeared  to  be  no  more  effective  than 
hyoscine.  Burman  (1940)  tried  erythroidine  as  well  as  curare,  and 
Harvey  and  Masland  (1941)  studied  the  effects  of  quinine  metho- 
chloride  on  spasticity  in  man  ;  the  latter  authors  concluded  that 
none  of  these  drugs  produced  objective  signs  of  improvement. 

Schlesinger  (1946)  administered  d-tubocurarine  in  beeswax  and 
arachis  oil  by  intramuscular  injection  in  order  to  prolong  the 
muscle  relaxing  action.  In  some  cases  relaxation  of  spasm  lasted 
for  many  days,  much  longer  than  one  would  expect  from  the 
peripheral  blocking  action  alone  ;  the  explanation  of  this  effect 
is  not  clear.  Weed  et  oL  (1948)  have  also  used  d-tubocurarine  m 
beeswax  and  oil  successfully  in  patients  with  tetanus. 


Curare  in  Convulsive  Shock  Therapy  11.1 

The  violent  convulsions  produced  by  drugs  such  as  leptazol 
and  hexazole.  as  well  as  those  produced  by  cleetro-s^onvulsxm 
therapy,  have  sometimes  prorluccd  fractures  and  dislocations. 


4.3 


CLIMCAL  USES  OF  CURARE 

The  use  of  curare  to  abolish  these  violent  movements,  and  thereby 
to  prevent  these  complications,  apparently  does  not  interfere  with 
the  therapeutic  effectiveness  of  the  above  procedures  in  depressive 
states  and  schizophrenia.  The  use  of  curare  tor  this  ])urpose  was 
first  described  by  Bennett  (1940)  in  America.  In  this  country 
curare  was  first  used  about  the  same  time  by  Palmer,  but  owing 
to  the  war  his  results  were  not  published  till  1946  (Palmer,  1946). 
There  have  been  numerous  publications  confirming  the  value  of 
curare  in  this  tield.  Hobson  and  Prescott  (1947)  have  described 
a  technique  in  which  d-tubocurarine  Cl  (0..3  mg./kg.)  and  thio¬ 
pentone  (0.3g.  i.v.)  are  used  to  prevent  apprehension  and 
traumatic  injury,  without  reducing  the  cllicacy  of  electro¬ 
convulsion  therapy. 


Curare  in  Surgical  Anaesthesia 


Grillith  and  Johnson  (1942)  of  Montreal  were  the  first  to  employ 
curare  as  an  aid  to  abdominal  relaxation  in  surgical  aiucstbcsia. 
They  administered  the  preparation,  intocostrin,  intravenously  to 
twenty-five  patients  under  cyclopropane  anaesthesia  and  noted 
relaxation  of  the  abdominal  muscles  in  one  minute,  the  elTect 
lasting  10-15  minutes.  They  also  suggested  neostigmine  as  an 
antidote  for  overdosage,  though  they  had  no  occasion  to  use  it. 
Since  1942  the  use  of  curare  in  ainesthesia  has  become  widespread 
and  the  correspondingly  vast  literature  cannot  be  dealt  with  here 


in  any  detail  (see  McIntyre’s  “Curare”  for  references). 

The  main  purpose  of  curare  administration  as  an  adjuvant  in 
anaisthesia  is  to  procure  increased  relaxation  of  abdominal 


muscles  without  the  use  of  deep  ainesthesia  of  central  origin.  It 
is  well  known  that  first  and  second  plane  surgical  ainesthesia  are 
not  sufiiciently  deep  to  abolish  reflexes  from  the  upper  abdomen, 
and  though  it  is  possible  to  administer  more  general  anaesthetic  and 
so  to  reach  the  third  or  even  fourth  plane,  the  necessary  higher 
anaesthetic  concentrations  are  very  liable  to  depress  the  bulbar 
centres  controlling  respiration  and  the  circulation,  and  thereby 
to  produce  anoxia  and  signs  of  shock  ;  other  toxic  actions  of  the 
ainesthetic  drug  would  also  be  enhanced.  Now  curare  has  no 
actions  on  the  bulbar  centres,  nor  does  it  disturb  other  physio¬ 
logical  functions  m  the  doses  required  to  produce  peripheral 
paralysis,  provided  that  anoxia  and  ('O^  accumulation  arc  pre¬ 
vented  ;  It  must,  however,  be  remembered  that  to  relax  the  upper 
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abdominal  muscles  some  intercostal  paralysis  must  be  produced. 
This  paralysis  can  be  simply  dealt  with,  if  necessary,  by  controlled 
respiration.  Tubocurarine  has  no  harmful  effects  upon  the 
circulation  except  after  rapid  injection  of  large  doses. 


Technique  of  Administration  of  d-tubocurarine  Cl  in 
Anaesthesia 

After  the  usual  premedication  with  morphine  (10  mg.)  and 
atropine  (0.65  mg.),  most  anaesthetists  administer  thiopentone 
before  the  tubocurarine,  as  recommended  by  Prescott  et  al.  (1946). 
Gray  (1948)  has  suggested,  however,  that  a  preliminary  5  mg.  test 
dose  of  d-tubocurarine  Cl  be  injected  intravenously,  and,  if  the 
response  to  this  dose  is  normal,  two  minutes  later  a  further  dose  of 
up  to  10  mg.  is  given  followed  immediately  by  0 . 5  G.  of  thiopentone, 
(preparations  of  d-tubocurarine  Cl  must  not  be  mixed  in  one 
svringe  with  thiopentone).  Anaesthesia  is  maintained  with  50 
per  cent  NgO  and  Oa+thiopentone,  and  further  injections  of  5  mg. 
of  d-tubocurarine  Cl  intravenously  may  be  given  as  required.  If 
ether  is  used  it  must  be  given  in  very  low  concentrations  since  it 
greatly  potentiates  the  paralysing  action  of  tubocurarine  (Pick 
and  Richards,  1947).  Prescott  et  al.  (1946)  noted  that  the  duration 
of  action  of  d-tubocurarine  Cl  was  45-60  minutes  after  a  single 
intravenous  injection  of  0.4  mg./kg.  body  weight  (given  after 

thiopentone).  ,  .  •  ,  e  i 

Gray  (1948)  has  reviewed  the  results  of  administration  of  d- 

tubocurarine  to  8,500  patients  during  a  three  year  period.  He 

makes  the  following  points .  •  ,  .  , 

(i)  Clinical  impressions  suggest  that  there  is  less  shock  alter 
the  use  of  d-tubocurarine  Cl  with  light  amesthesia  than  with  deep 


anaesthesia  alone.  ,  r 

(ii)  The  duration  and  severity,  but  not  the  frequency,  ot 

post-operative  vomiting  are  reduced. 

^  (iii)  To  prevent  the  development  of  post-operative  pulmonary 

atalectasis  neostigmiae  (2.3  mg.)  and  f  ' 

be  injected  intravenously  at  the  end  of  the  ope.ation.  (It 
should  be  emphasized  that  the  potentiation  ol  vagal  inhibition 
of  the  heart  hv  this  large  dose  of  neostigmine  will  not  be 
nrevented  by  this  small  dose  of  atropine;  indeed  the  latter  may 
Lctiiallv  stimulate  the  cardio-inhibitory  eentre,  and  evem  large 
doses  of  atropine  may  produce  initial  bradycardia  before 
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peripheral  vagal  blocking  action  develops.  It  is  not  surprising 
that  occasional  deaths,  probably  due  to  cardiac  arrest,  have 
followed  intravenous  injection  of  this  mixture.) 

(iv)  Bronchospasm  is  extremely  rare  after  d-tubocurarine  (1 
case  in  2,500  administrations).  It  may  be  attributable  to  the 
light  anaesthesia  rather  than  to  tubocurarine  itself. 

(v)  There  is  no  evidence  that  d-tubocurarine  is  toxic  to  liver 
or  kidney,  or  that  it  causes  any  disturbance  in  carbohydrate 
metabolism. 

A  final  assessment  of  the  value  of  curare  in  amesthesia  cannot 
yet  be  given,  but  its  use  in  expert  hands  has  helped  greatly  in  the 
production  of  abdominal  muscular  relaxation  in  abdomipal 
surgery,  and  in  the  immobilization  of  the  chest  in  thoracic  surgery. 
Provided  that  gaseous  interchange  in  the  lungs  is  properly 
•controlled  by  the  anaesthetist,  there  are  very  few  complications 
to  be  expected  from  its  administration. 


Synthetic  Curariform  Agents  in  Anaesthesia 
Dimethijl  Ether  of  d-tubocurarine  Iodide.  Stoelting  et  al.  (1948) 
have  reported  on  the  clinical  use  of  this  compound  in  conjunction 
with  NgO,  ether  or  cyclopropane.  An  injection  of  2-3  mg.  ])roduced 
muscular  relaxation  lasting  60—90  minutes,  with  no  significant 
action  on  blood  pressure  ;  there  was  mild  respiratory  depression 
in  9  of  100  cases. 

Decamethonium  Iodide  (C^o).  The  clinical  use  of  decamethonium 
iodide  as  a  muscle  relaxant  in  anecsthesia  has  been  reported  by 
Organe  (1949)  and  by  Hewer  et  al.  (1949).  It  was  injected  intra¬ 
venously  in  total  doses  ranging  from  1.5  to  15  mg.';  the  initial 
dose  was  usually  3-5  mg.,  and  subsequently  1-3  mg.  were  given 
at  intervals  as  required.  Unlike  d-tul)ocurarine  it  is  miscible  with 
uopentone.  After  a  single  dose  muscular  relaxation  commenced 
alter  2-3  minutes  and  reached  a  peak  within  4-8  minutes  ;  the 
duration  of  action  was  15-25  minutes  so  there  was  little  danger  of 
post-operative  respiratory  depression.  Abdominal  relaxation 
could  only  be  produced  by  doses  which  caused  some  respiratory 

Recovery  was  more  rapid 

related  int  ;  """'T'“’  <^n'<^rts  followed 

repeated  inj^ections  at  appropriate  intervals.  Deeamethonium 

iodide  has  been  used  satisfactorily  in  coiijiinetioii  with  all  the 

commonly  employed  general  ana-stlietics.  No  immediate  side 
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effects  were  noted  by  these  authors  ;  there  was  no  bronchial  or 
laryngeal  spasm;  intracutaneous  injection  of  0.1  per  cent 
decamethonium  iodide  produced  no  signs  of  histamine  release  such 
as  occur  with  this  strength  of  d-tubocurarine  Cl. 

Young  (1949)  has  used  decamethonium  iodide  to  produce 
muscular  relaxation  for  Caesarean  Section,  3  mg.  being  injected 
intravenously  at  least  10  minutes  before  delivery.  The 
placenta  forms  a  very  efficient  barrier  to  the  passage  of  this 
substance  into  the  foetus. 

The  antagonistic  actions  of  pentamethonium  iodide  (30-50  mg. 
intravenously)  were  not  striking  and  in  three  cases  this  substance 
apparently  caused  circulatory  collapse  (Hewer  et  al.,  1949). 

Davies  and  Lewis  (1949)  and  Hobson  and  Prescott  (1949)  have 
used  decamethonium  iodide  in  conjunction  with  thiopentone  to 
prevent  the  traumatic  complications  of  electrically  induced 
convulsions,  and  have  generally  found  it  preferable  to  d-tubo¬ 
curarine. 

Elaxedil  {RP  3697).  Mushin  et  al.  (1949)  have  described  the 
clinical  use  of  “Flaxedil”  in  anaesthesia.  They  found  that  80  mg. 
of  Flaxedil  was  roughly  equivalent  in  poteney  to  15  mg.  of  d- 
tubocurarine  Cl.  Wilson  and  Gordon  (1949)  have  also  reported 
favourably  on  the  use  of  “Flaxedil.” 


Mephenesin  (Myanesin) 


CH, 


Mephenesin 


CH,0 

CHOH 

I 

CH  OH 


a:i3-diliydroxy- y-(2-methylphenoxy)  propane 


Pharmacological  interest  in  this  compound  relates  to  its  depres¬ 
sant  action  on  the  central  nervous  system.  Mephenesin  has  been 
used  to  increase  the  relaxation  of  abdominal  muscles  m  ana-sthesia, 
but,  unlike  curare,  it  has  practically  no  neiiro-muscular  baking 
action  (see  reviews  by  Underhill.  1949,  and  by  Berger,  1949). 
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The  actions  of  rnephenesin  were  first  reported  by  Berger  and 
Bradley  (1946),  who  studied  the  effects  of  a  number  of  simple 
substituted  ethers  of  glycerol.  They  selected  a  :  ^-dihydroxy-y- 
(2-methylphenoxy)  -propane  (rnephenesin)  as  the  most  suitable 
member  of  the  series  for  thorough  investigation  of  its  action  on 
the  central  nervous  system.  Small  doses  of  rnephenesin  in  mice  had 
a  tranquillizing  effect,  and  produced  muscular  relaxation  and  sleej) 
from  which  the  animals  could  be  roused.  Larger  doses  produced 
ataxia  followed  by  paralysis,  with  no  reaction  to  painful  stimuli. 
Recovery  from  these  effects  was  complete.  In  rabbits  10-12  mg./ 
kg.  of  rnephenesin  (i.v.)  produced  head  drop,  and  50  mg./kg.  caused 
complete  paralysis,  except  of  the  diaphragm.  Berger  and  Bradley 
(1946)  also  observed  that  rnephenesin  antagonized  the  convulsant 
and  lethal  actions  of  strychnine  more  effectively  than  it  antagonized 
these  actions  of  leptazol,  and  they  therefore  suggested  that  mephen- 
esin  acts  predominantly  on  the  s{)inal  cord.  Mephenesin  has  a  very 
weak  peripheral  curare-like  action  ;  it  is  also  a  local  anaesthetic 
of  about  the  same  potency  as  procaine. 


Berger  (1947)  has  studied  the  actions  of  mephenesin  on  the  knee 
jerk  in  chloralosed  cats.  Doses  of  20-150  mg.  somewhat  reduced 
the  normal  reflex  response,  but  the  most  striking  action  of 
mephenesin  was  its  abolition  of  strychnine  convulsions,  with  the 
reduction  of  the  knee  jerk  to  (but  not  below)  its  original  strength. 
This  selective  depression  of  exaggerated  reflex  activitv,  attributed 
to  depression  of  interneuronal  conduction,  might  be  described  as  a 
“hssive”  action  according  to  the  definition  of  West  (1935).  It 
would  obviously  be  much  easier  to  depress  augmented  reflex 
activity  by  an  action  on  the  central  nervous  system  than  by  anv 
influence  on  neuromuscular  conduction  ;  indeed  it  is  difficult  to 
see  how  a  peripheral  action  could  reduce  excessive  muscle  tone 
without  producing  paralvsis. 

In  a  further  study  of  tlie  actions  of  ineplienesin,  Berijer  (1948) 
has  sliown  that  this  compound  raises  tlie  threshold  to  electrically 

«  “dually  somewhat  more  potent 
tl  an  tndione  in  this  respect.  Everett  and  Richards  (1949)  found 

dtes  Zrref '“Pl-enesin,  in  paralytic 
those’  se  f.  “S®  "'aves  m  the  electroencephalogram,  like 
1110^:1  r  T'-  antieonvulsant  aftivitv  of 

Ta^y/i™  i"  producing 
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Clinical  Uses  of  Mephenesin 
Muscular  Relaxation 

Mallinson  (1947)  has  recorded  the  effects  of  mephenesin  in  pro¬ 
ducing  muscular  relaxation  during  surgical  ana?sthesia  in  112 
patients.  Injected  by  itself  into  a  conscious  subject,  27  mg./kg.  of 
mephenesin  (i.v.)  had  no  narcotic  effect,  but  produced  weakness 
of  limb  muscles  and  full  abdominal  muscular  relaxation.  Given 
in  conjunction  with  thiopentone,  10-15  mg./kg.  of  meph¬ 
enesin  (10  per  cent  solution)  produced  good  relaxation  of 
abdominal  muscles  with  very  occasional  involvement  of  the 
intercostals. 

Mallinson  (1948),  at  a  meeting  of  the  Aniesthetics  Section  of 
the  Royal  Society  of  Medicine,  has  reported  on  some  10,000 
administrations  of  mephenesin  chietly  in  abdominal  surgery,  and 
stated  that  there  were  no  deaths  attributable  to  this  drug.  Other 
auccsthetists  at  this  meeting  criticized  the  use  of  mephenesin  on 
two  main  grounds  : — 


(1)  It  is  less  effective  than  tubocurarine  in  procuring  ab¬ 
dominal  muscular  relaxation. 

(2)  It  is  liable  to  ])rt)duce  venous  thrombosis  at  the  site  of 
injection,  and  hamiolysis  which  may  lead  to  hicmoglobinuria 
and  renal  damage. 


Damage  to  veins,  and  hamiolysis  have  been  reported  by  many 
authors,  and  although  the  seriousness  of  these  complications  has 
been  questioned,  they  are  clearly  undesirable  (see  the  review  and 
report  of  experimental  studies  by  Clendon  and  Penfold,  1949). 
The  cause  of  these  effects  might  be  mephenesin  itself,  or  the 
solvent  used  to  make  up  the  10  iier  cent  solution  injected 
clinically.  Mephenesin  is  only  soluble  in  water  at  22°C.  to  the 
extent  of  1 . 096  per  cent  ;  it  is  therefore  made  up  for  clinical  use 
dissolved  in  a  mixture  of  equal  parts  of  ethyl  alcohol  and 
,,ropylene  glycol.  This  mixture  could  undoubtedly  damage 
the  vein  wall,  and  also  produce  haanolysis.  Schlesmger  ct  al. 
(1948)  have  recommended  the  use  of  2  per  cent  niep  lenesin 
in  normal  saline  to  avoid  these  complications  of  intravenous 

injectmmii^e  mephenesin  as  an  adjuvant  to  general 

amesthesia  still  remain  to  be  established. 


CLINICAL  APPLICATIONS 
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Hyperkinetic  States 

Hunter  and  Waterfall  (1948)  noted  some  resemblances  between 
the  actions  of  mephenesin  and  the  barbiturates.  They  were  thereby 
led  to  test  mephenesin  in  patients  with  epileptiform  fits,  and  ob¬ 
served  that  intravenous  injection  of  0.5  G.  abolished  fits  in  three 
patients  within  30  sec.  They  noted  too  a  temporary  inhibition  of 
Parkinsonian  tremor  in  one  patient  after  injection  of  1  G.  of 
mephenesin.  Berger  and  Seliwartz  (1948),  and  Gammon  and 
Churehill  (1949)  also  observed  abolition  of  Parkinsonian  tremor, 
and  marked  improvement  in  ehoreoathetosis,  after  mephenesin.  In 
addition,  Gammon  and  Churchill  described  abolition  of  petit  mal 
diseharge  by  doses  of  mephenesin  which  did  not  affect  the  normal 
electroencephalogram.  These  findings,  taken  with  the  experi¬ 
mental  work  of  Stephen  and  Chandy  (1947),  suggest  that 
mephenesin  acts  on  various  parts  of  the  brain  as  well  as  on  the 
spinal  eord. 

Spastic  Disorders 

Berger  and  Schwartz  (1948)  have  administered  mephenesin  to 
patients  with  various  spastic  and  hyperkinetic  disorders.  They 
gave  the  drug  dissolved  in  propylene  glycol  by  mouth  in  daily 
doses  of  3-5  G.  and  in  many  cases  recorded  electromyo- 
graphie  evidence  of  improvement.  Exaggerated  reflexes  and 
rigidity  were  redueed  to  normal  and  voluntary  power  was 
retained,  the  aetion  appearing  within  20  minutes  of  administration. 
Sehlesinger  et  al.  (1948)  have  also  reported  on  the  beneficial  effects 
of  mephenesin  in  these  conditions,  but  they  regard  the  effects  of 
oral  administration  as  too  brief  and  unpredictable  to  be  of  value, 
and  they  reeommend  intramuscular  injection  of  2  per  cent 
mephenesin  in  saline. 

Tetanus 

Beneficial  effects  in  patients  with  tetanus  have  been  recorded 
after  mephenesin  by  Belfrage  (1947),  Torren  et  al.  (1948),  Davison 
et  al.  (1949),  and  by  Gammon  and  Churchill  (1949). 

Other  Actions  of  Mephenesin  on  the  Nervous  System 

(t)  Analgesia.  Gammon  and  Churchill  (1949)  observed  that 
mephenesin  relieved  tabetic  and  causalgic  pain. 
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{ii)  Action  in  Psychoses.  Gammon  and  Churchill  (1949)  have 
reported  that  mephenesin  produced  temporary  beneficial  effects  in 
patients  with  psychoses.  They  argued  that  since  improvement  in 
such  cases  results  from  severance  of  the  connections  between 
thalamus  and  cortex,  a  drug  which  depresses  the  thalamic  region, 
like  mephenesin,  might  act  similarly  to  produce  what  one  could 
perhaps  describe  as  a  “pharmacological  leucotoniy.”  Schlan  and 
Unna  (1949)  have  studied  the  effects  of  oral  mephenesin  in 
psychiatric  patients  and  found  it  effective  in  chronic  alcoholism 
and  anxiety  states. 


Fate  and  Excretion  of  Mephenesin 

A  metabolic  product  of  mephenesin  can  be  detected  by  the 
cherry  red  colour  })roduced  with  Ehrlich’s  diazo  reagent.  It  appears 
in  the  urine  wdthin  15  minutes  of  oral  administration.  Two 
methods  for  determination  of  blood  and  urine  mephenesin  levels 
have  been  described  by  Titus  et  al.  (1948).  Inactivation  of 
mephenesin  in  the  body  occurs  very  rapidly  (Schlesinger 
et  al.,  1948),  and  it  has  been  shown  by  Graves  et  al.  (1948)  and 
by  Riley  and  Berger  (1949),  that  this  is  mainly  due  to  oxida¬ 
tion  of  the  terminal  CHgOH  group  to  COOII,  the  oxidized 
product,  which  is  pharmacologically  inert,  being  excreted  in  the 
urine. 

Mephenesin  Derivatives  and  Related  Compounds 

The  brief  duration  of  action  of  mephenesin  is  due  to  the  speed 
of  oxidation  of  the  CHgOH  group.  Berger  and  Riley  (1949)  have 
found  that  the  acid  succinate  of  mephenesin,  in  which  the  CII2OII 
group  is  protected,  is  less  toxic  and  longer  acting  than  mephenesin 
itself.  This  compound  forms  a  very  soluble  sodium  salt  which  is 
readily  absorbed  when  given  by  mouth ;  it  is  broken  down, 
probably  in  the  liver,  to  liberate  mephenesin  slowly  into  the 
bloodstream. 

New  compounds  closely  related  to  mephenesin  include  some 
long-acting  analogues  effective  by  mouth  (Burke  et  al.,  1949),  and 
some  ‘2-substitutcd-l :  3-propane  diols  which  are  more  powerful 
anti-convulsants  than  mephenesin  (Berger,  1949).  A  new  com¬ 
pound,  2-mcthvl,  2-n-amyl-4-hydroxymethyl-l:3-dioxolane  (“Gly- 
ketal”),  has  been  shown  by  Berger  (1949)  to  act  very  similarly  to 
mephenesin. 
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Other  Spinal  Cord  Depressants 

Berger  (1949)  has  recently  reviewed  the  actions  of  a  number 
of  drugs  (excluding  general  aiuesthetics)  which  act  predominantly 
by  depressing  the  spinal  cord.  Among  these  are  tri-o-cresyl 
piiosphate,  which  produces  irreversible  paralysis  by  damaging 
the  anterior  horn  cells ;  dithiobiuret,  which  causes  reversible 
paralysis,  but  only  on  prolonged  administration  ;  benziminazole 
and  apo-/3-ervthroidine,  which,  like  mephenesin  and  glyketal, 
cause  transient  paralysis  associated  with  a  selective  depressant 
action  on  interneuronal  conduction,  and  “parpanit”  (diethyl- 
aminoethyl  ester  of  phenyl-cyclopcntane  carboxylic  acid)  which 
depresses  interneurones  but  does  not  produce  paralysis.  Unlike 
the  reflex  depression  produced  by  neostigmine  (Schweitzer  and 
Wright,  1937)  the  actions  of  these  compounds  appear  to  be  un¬ 
related  to  transmission  of  impulses  by  acetylcholine. 

To  summarize,  it  may  be  said  that  mephenesin  is  a  central 
nervous  depressant,  acting  chiefly  on  the  brain  stem  and  spinal 
cord.  It  can  reduce  enhanced  excitability  to  normal  and  therefore 
has  a  truly  “lissive”  action.  Its  value  as  a  muscular  relaxant  in 
surgical  anaesthesia  is  still  doubtful,  but  its  use  by  mouth  in  pa¬ 
tients  with  spasticity  is  well  worthy  of  further  investigation. 
The  development  of  substances  which  act  like  mephenesin,  but 
which  have  more  prolonged  actions  and  are  more  effective  by 
mouth,  would  be  very  v^aluable  for  the  control  of  the  hyperkinetic 
and  spastic  conditions  discussed  above. 


Tetraethylammonium  Salts 

N+ - Br-  (or  Ch) 


Quaternary  ammonium  compounds  in  general  have  curare-like 
actions,  but,  as  mentioned  6n  p.  24,  the  tetraethyl  compound  is 
exceptional  in  producing.no  such  effect,  whereas  the  tetmmptbvl 
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(ii)  A  nicotine-like  stimulation  of  sympathetic  ganglion  cells, 
producing  a  rise  in  blood  pressure. 

(iii)  A  nicotinc-like  paralysis  of  ganglion  cells,  eausing  a  fall 
in  blood  pressure. 

Tetraethylaynmoniurn  hydrate  (TEA)  had  no  muscarine,  or 
nicotine-like  stimulating  actions,  but  the  nieotine-like  depression 
was  well  shown  and  could  antagonize  the  ganglionic  stimulating 
effects  of  tetramethylammonium  hydrate. 

Acheson  and  Moe  (1946)  and  Ache'son  and  Pereira  (1946)  have 
analysed  this  ganglionic  blocking  action  of  TEA  in  greater  detail, 
and  have  shown  that  the  effects  of  both  preganglionic  nerve 
stimulation  and  acetylcholine  injection  are  prevented  by  this 
drug.  The  depressor  action  of^TEA  is  entirely  attributable  to  this 
ganglionic  block.  Morrison  and  Farrar  (1949)  have  shown  that 
TEA  also  prevents  the  release  of  adrenaline  from  the  adrenal 
medulla  following  splanchnic  nerve  stimulation  in  cats. 

A  new  group  of  6/s-triethylammonium  salts,  with  ganglionic 
blocking  actions,  has  been  studied  by  Chou  and  De  Elio  (1947). 
The  substances  were  of  the  type  (Et3N(CH2)uNEt3)  Xg,  where 
x=the  anion  (usually  Br).  Maximal  blocking  action  was  seen 
when  n  =  10,  this  compound  being  twice  as  active  as  tetraethyl- 
ammonium  bromide  on  the  superior  cervical  ganglion  of  the  cat. 
Other  ganglionic  blocking  agents  include  : — 

(1)  Pentamethonium  iodide,  whose  actions  have  already  been 
described. 

(2)  2:6  dimethyldiethylpiperidinium  bromide,  whose  actions 
have  been  reported  by  Longino  et  al.  (1949).  It  acts  like 
TEA  but  is  5-7  times  more  jwtent. 

(3)  Lauryl-dimethylamino-2-acctoxy-l -ethane  chloride  (757L) 
and  lauryl-dimethylamino-3-diacetoxy-l  :  2  propane  chlor¬ 
ide  (758L)  (Dallemagne  and  Philippot,  1949). 

(4)  Uibutoline  (Gruhzit  and  Moe,  1949). 

Tetraethylammonium  Salts  in  Man 

Experimental  work  has  shown  that  the  pharmacological 
actions  of  the  TEA  ion  are  due  to  its  ganglionic  blocking  effect. 
The  actions  on  the  circulation  and  on  the  alimentary  tract  have 
been  particularly  studied  in  man  in  relation  to  tests  of  autonomic 
nervous  function,  and  to  possible  therapeutic  applications. 
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General  Effects 

Intravenous  injection  of  TEA  (Bromide  or  Chloride)  in  a  dose 
of  200-500  mg.  has  been  used  by  Lyons  et  cil.  (1947),  Birehall  et  al. 
(1947)  and  Boyd  et  al.  (1948).  The  effects  were'as  follows  :  within 
15-20  sec.  of  injection  there  was  a  metallic  taste  in  the  mouth,  in 
25-35  sec.  numbness,  coldness  and  tingling  were  felt  in  the  hands 
and  feet.  Incomplete  dilatation  of  the  pupil,  cycloplegia  and 
occasionally  ptosis  were  seen,  a  feeling  of  tiredness  and  weakness 
developed,  and  sweating  ceased.  The  predominant  circulatory 
effects  were  a  fall  in  blood  pressure  within  30-90  sec.  of  injection, 
an  increase  in  heart  rate  to  90-120  beats/min.,  and  a  marked  rise 
in  skin  temperature  of  the  fingers  and  toes  (see  also  Hoobler  et  al., 
1949).  The  circulatory  effects  usually  lasted  for  15-30  minutes,  but 
postural  hypotension  might  occur  for  up  to  one  hour.  Nearly  all 
these  actions  may  be  ascribed  to  blocking  of  transmission  through 
the  appropriate  autonomic  ganglia.  Doses  exceeding  1  G.  of 
tetraethylammonium  ('1  intravenously  may  not  only  produce 
circulator}"  collapse,  but  a  eurare-like  paresis  may  also  develop. 
Intramuscular  injection  of  1-2  G.  reduced  the  blood  pressure  for 
2-8  hours.  Oral  administration  was  ineffective,  owing  to  poor 
absorption  from  the  alimentary  tract. 

On  the  alimentary  tract  Holt  et  al.  (1947)  showed  that  intra¬ 
venous  injection  of  200  mg.  of  tetraethylammonium  Cl  diminished 
the  tone  and  abolished  peristaltic  activity  in  the  stomach  (the 
same  effect  as  vagotomy).  No  emptying  of  the  stomach  occurred 
during  the  period  of  action  of  TEA.  Macdonald  and  Smith  (1949) 
also  showed  that  TEA  reduced  spontaneous  gastric  secretion 
and  abolished  the  nervous  secretion  evoked  by  insulin  hypo- 
glycfemia.  Propulsive  movements  in  the  small  intestine  were 
inhibited  and  the  .mucosal  markings  became  fixed.  Bladder  tone 
was  relaxed.  Aas  and  Blegen  (1949)  studied  the  effects  of  TEAB 
on  renal  function  in  normal  subjects.  They  administered  doses 
(4  6  mg./kg.)  which  had  very  little  depressor  action,  and  recorded 
reductions  m  renal  blood  flow  and  glomerular  filtration  rate, 
V  ueh  they  attributed  to  renal  vaso-eonstriction.  TEAB  also 
decreased  water  diuresis  and  often  produced  proteinuria.  Berry 
(19«)  and  Conley  el  al.  (1947)  have  reeonled  relief 
causalgia  and  otlier  types  of  pain  after  TKA  ;  this  might  have 
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Excretion  of  TEA 

Hennick  et  al.  (1947)  have  studied  the  excretion  of  TEA  in 
dogs  and  in  man.  After  intravenous  injection  in  man  50  per  cent 
of  the  dose  appears  in  the  urine  within  .30  min.;  after  intramuscular 
injection  50  per  cent  excretion  occurs  within  four  hours.  These 
authors  suggest  that  TEA  should  not  be  given  to  patients  with 
severe  renal  disease. 


Applications  of  the  Actions  of  TEA 

Peripheral  Vascular  Disease.  It  was  claimed  by  Berry  et  al. 
(1946)  that  the  cutaneous  vasodilatation  produced  by  TEA  was 
equal  to  that  which  follows  procaine  injection  into  the  sympa¬ 
thetic  pathway,  but  Boyd  et  al.  (1948)  found  that  this  response  to 
TEA  was  irregular,  and  that  the  vasodilatation  was  always  less 
than  that  produced  by  paravertebral  or  local  nerve  block.  Thus 
TEA  is  of  little  value  in  estimating  the  probable  effects  of  sympa¬ 
thectomy  in  patients  with  jjeripheral  vascular  disease,  and  is 
certainly  of  no  value  as  a  therapeutic  agent  in  such  cases. 

Hypertension.  TPjA  reduces  the  blood  pressure  in  patients  with 
essential  hypertension  (Berry  et  al.,  1946  ;  Lyons  et  al.,  1947),  and 
this  reduction  has  been  used  to  estimate  the  probable  effects  of 
lumbo-dorsal  sympathectomy  in  this  disease.  The  value  ot  such 
estimates,  whether  TEA  or  sodium  amytal  be  used,  has  been 
questioned  by  Birchall  et  al.  (1947),  and  in  any  case  these  methods 
of  producing  vasodilatation  are  of  no  therapeutic  signilicanee. 
Frew  and  Rosenheim  (1949)  have  noted  that  in  hypertensive 
patients  the  lowest  level  of  diastolic  blood  pressure  produced  by 
injection  of  tetraethylammonium  bromide  is  the  same  as  that 
produced  l)y  oral  administration  of  sodium  propylmethylcar- 
binylallyl  barbiturate  (Seconal).  Hayward  (1948)  has  reported 
temporarv  relief  of  orthopna-a  and  dyspnoea  and  an  increase  in 
vital  capacity,  after  the  blood  pressure  has  been  lowered  by 
tetraethylammonium  bromide  in  patients  with  hypertensive  hear 
failure,  and  he  suggests  that  this  substance  may  be  iiselul  in  the 
emergency  treatment  of  acute  left  ventricular  heart  failure.  Ihis 
beneficial  effect  might  be  due  to  a  reduction  in 
as  has  been  reported  in  heart  failure  by  Reiman  and  Epstein  (194.)). 

Toxic  Effects  of  TEA.  Several  authors  have  reported  eases  in 
whom  TEA  has  jiroduced  temporary  marked  tails  m  blooc  pres¬ 
sure,  and  Lindgrcn  and  Fisk  (1948)  have  observed  myocardial 
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infarction  after  injection  of  TEAK  in  a  patient  with  arterio¬ 
sclerotic  heart  disease.  Schwartz  (1949)  lias  rejiorted  the  sudden 
death  of  a  patient  with  asthma  who  received  230  mg.  of  TEAK 
intravenously,  and  suggests  that  asthmatics  may  be  hyper¬ 
sensitive  to  the  drug. 

Pentamethonium  Iodide  in  Man 
ddie  original  observations  of  Organe  ct  al.  (1949)  on  the  actions 
of  pentamethonium  iodide  in  man  have  been  confirmed  and 
extended  by  Arnold  and  Rosenheim  (1949),  Arnold  et  al.  (1949) 
and  Grob  et  al.  (1949).  In  normal  persons  it  acts  very  similarly  to 
TEA  but  it  is  effective  in  about  1/10  the  dose  and,  judged  by  the 
presence  of  v'asodilatation  and  postural  hypotension,  its  action  lasts 
for  about  1  hour.  Intrav'enous  injectio?i  of  25-100  mg.  of  penta- 
methoniuni  iodide  in  hypertensive  patients  produced  falls  in  blood 
pressure  which  might  last  for  several  hours.  An  e.xcessive  fall  in 
blood  pressure  was  readily  counteracted  by  injection  of  adrenaline. 
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CHAPTER  3 


ANTI-HISTAMINE  DRUGS 

To  appreciate  the  actions  of  the  so-called  anti-histamine  drugs 
it  is  necessary  to  know  the  actions  of  histamine,  the  effects  of  which 
will  be  briefly  discussed. 


Histamine 

The  actions  of  histamine  were  first  described  and  analysed  by 
Dale  and  Laidlaw  (1910-11)  who  studied  its  effects  in  various 
animal  species.  The  general  response  of  smooth  muscle  tow'ards 
histamine  is  contraction,  which  is  most  marked  in  the  intestine, 
uterus  and  bronchioles.  The  effects  upon  the  circulation  vary 
according  to  the  species  of  animal  studied  ;  in  most  species, 
including  man,  the  blood  pressure  is  reduced,  but  in  rabbits  it 
is  initially  raised.  These  variations  are  related  to  the  differences 
in  response  towards  histamine  of  arteriolar  muscle,  which  constricts 
markedly  in  rodents,  less  so  in  cats,  while  in  dogs  and  man 
arteriolar  dilatation  occurs.  Capillaries  are  always  dilated  and  an 
increase  in  their  permeability  leads  to  leakage  of  protein-containing 
fluid  into  the  surrounding  tissue  spaces.  The  effects  of  histamine 
on  the  blood  vessels  of  human  skin  were  very  fully  described  by 
Lewis  (1927).  He  showed  that  when  1  in  1,000  histamine  acid 
phosphate  solution  was  pricked  into  the  skm  there  appeared 
firstly  a  red  area  3-4  mm.  in  diameter,  at  the  site  of  introduction, 
later  an  irregularly  outlined  red  area  of  2-3  cm.  diameter  was  seen 
(the  “flare”),  and  finally  there  developed  a  wheal,  due  to  the  es¬ 
cape  of  protein-rich  fluid  from  the  capillaries,  at  the  site  ot  le 
orMnal  circumscribed  reel  area.  These  three  effects  of  histamine 
are^very  similar  to  those  which  follow  the  application  of  a  firn 
stroke  to  the  skin  and  were  summarized  by  Lewis  m  ^e  phrase 
“Triple  Response.”  The  components  of  the  “Triple  Response 
are  thus  :  (i)  Capillary  dilatation,  which  produces  * ^ 

reaction  at  the  site  of  appheatioii  o 

dilatation  which  underlies  the  spreading  flare.  .  This  response 
metrted  by  means  of  an  axon  rellex,  in  which  histamine  provides 
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the  afferent  stimulus,  and  it  fails  to  oceur  after  degeneration  of 
sensory  nerve  fibres  in  the  injected  region,  (iii)  Increased  capillary 
permeability  produces  the  wheal  which  is  precisely  confined  to 
the  area  of  the  local  red  reaction.  In  man,  injection  of  histamine 
subcutaneously  or  intravenously  produces  flushing  of  the  skin  of 
the  blush  area  with  a  rise  in  skin  temperature,  indicating  arteriolar, 
as  well  as  capillary  dilatation  (Wakim  et  al.,  1949).  Dilatation  of 
intracranial  vessels,  probably  in  the  dura,  produces  headache. 

Injection  of  histamine  into  the  skin  produces  itching  (Lewis, 
1942),  but  it  has  been  shown  by  Rothman  (1941)  that  very  dilute 
solutions  of  histamine  (e.g.  1  in  1,000,000)  produce  whealing 
without  itching.  Emmelin  and  Feldberg  (1947)  have  found  that 
nettle  stings  contain  0.1  per  cent  histamine -(-1  per  cent  acetyl¬ 
choline.  They  showed  that  while  the  “nettle  rash”  w'as  due  to 
histamine  alone,  the  pain  was  due  to  a  combined  effect  of  histamine 
-(-acetylcholine.  Thus  other  varieties  of  itching  might  be  caused 
by  histamine  release  in  the  skin,  and  pain  would  result  when 
acetylcholine  was  also  liberated. 


Secretory  Actions 

Histamine  is  a  powerful  stimulant  to  secretion  of  HCl  by  the 
stomach  ;  it  is  usually  stated  that  histamine  does  not  affect 
pepsin  secretion,  but  Ashford  et  al.  (1949)  noted  a  marked  increase 
in  pepsin  output  in  man.  It  may  also  stimulate  salivary,  pan¬ 
creatic  and  intestinal  secretions  but  these  effects  are  less  marked 
in  man  than  in  some  other  species  of  animal. 

Histamine  is  widely  distributed  in  animal  tissues  where  it 

IS  held  in  some  bound  state  in  which  it  is  physiologically  inactive. 

Lewis  (1927)  first  showed  that  it  may  be  readily  released  from  the 

skin  by  a  variety  of  injurious  physical  and  chemical  stimuli  to 

produce  both  local  effects,  such  as  the  triple  response,  and  general 

effects,  such  as  a  fall  in  blood  pressure  and  increased  gastric 
secretion. 


Histamine  in  Anaphylaxis  and  Allergy 
The  part  played  by  histamine  in  anaphylactic  and  alleridc 
responses  will  now  be  considered.  As  far  back  as  1910  in  thtir 

noted  t},c  close  resend, lance  between  the  effects  of  this  substance 
.  the  responses  in  anaphylactic  shock.  It  was  later  shown  that 
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the  dominant  effects  both  of  histamine  and  of  tlie  anaphylactic 
response  were  similar  in  different  species  of  animals  ;  for  example, 
the  outstanding  feature  in  guinea  pigs  is  bronchiolar  spasm  leading 
to  death  from  as])hyxia,  in  dogs  there  is  cireulatory  failure  due  to 
spasm  of  the  hepatic  veins,  and  in  rabbits  there  is  eardio- 
circulatorv  failure  resulting  from  contraction  of  arterioles  in  the 


pulmonary  bed  (l)ragstedt,  1941). 

The  nature  of  the  anaphylactic  reaction  has  been  extensively 
studied  as  an  expression  of  an  antigen-antibody  reaction,  and  the 
position  may  be  summarized  by  saying  that  the  characteristic 
explosive  response  results  from  the  combination  of  specific  antigen 
with  antibodies  attached  to  fixed  tissue  cells,  and  the  different 
symptomatology  in  different  animal  species  may  be  related  to 
differences  in  distribution  of  the  sensitizing  antibody  in  the  various 
organs  of  the  body  (Dale,  1948).  The  demonstration  by  Best 
et  al.  (1927)  that  histamine  could  be  easily  extracted  from  many 
tissues  suggested  that  this  substance  might  exist  in  some  bound 
physiologically  inactive  state,  and  it  thus  became  possible  to 
regard  the  actions  of  Lewis’  “H-substance”  as  due  to  release  of 
preformed  histamine  by  the  action  of  injurious  stimuli.  Lewis 
himself  (1927)  was  the  first  to  formulate  clearly  the  idea  that  the 
triple  response  produced  in  the  skin  by  local  introduction  of  the 
appropriate  protein  in  a  sensitized  person  snbject  to  urticaria, 
was  indeed  due  to  the  action  of  “Il-substance. 

The  theory  thus  postulated  that  the  reaction  of  specific  antigen 
with  cellular  antibody  caused  in  some  way  the  release  of  histamine 
from  its  bound  inactive  state,  and  it  remained  only  to  demonstrate 
the  presence  of  increased  (piantities  of  histamine  in  tissue  or  bod} 
fluids  as  the  consequence  of  this  antigen-antibody  interaction  ; 
Dragstedt  and  Gcbauer-Fuclnegg  (1932)  recorded  the  presence  of  a 
substance  in  every  way  resembling  histamine  m  inferior  vena 
caval  blood,  and  in  thoracic  duct  lymph,  of  dogs  subjected  to 
anaiihvlactic  shock,  and  Bartosch  et  al.  (1932)  showed  that  when 
antigen  was  added  to  the  fluid  perfusing  a  sensitized  guinea  pig  s 
lungs,  histamine  could  be  detected  in  the  effluent  m  concentrations 
sufficient  to  account  for  the  induced  bronchiolar  constriction. 
Schild  (1939)  used  a  simjile  diffusion  method  to  detect  us  amn 
rclcasoil  from  isolated  fcoiinca  pig’s  tissues  in  anaphylactic  shock 
and  showed  that  in  some  organs,  e.g.  the  uterus,  *  “  . 

histamine  liberated  greatly  exceeded  that  required  to  produce 
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maximal  contraction  in  that  organ,  so  that  the  excess  would  be 
available  for  distribution  via  the  blood  stream  to  organs  in  other 
parts  of  the  body ;  the  aorta,  which  released  the  greatest 
quantities  of  histamine,  would  increase  the  blood  histamine  level 
without  itself  showing  any  significant  response.  Dragstedt  and 
Mead  (1936)  showed  in  dogs  that  the  level  of  histamine  in  blood 
or  thoracic  duct  lymph  was  proportional  to  the  severity  of  ana¬ 
phylactic  shock,  and  Code  (1939)  showed  further  that  in  guinea 
pigs  sullicient  histamine  was  liberated  during  anaphylactic  shock 
to  account  for  the  death  of  the  animals. 


“Intrinsic”  and  “Extrinsic”  Histamine 
Dale  (1948)  has  recently  discussed  an  aspect  of  histamine 
release  which  may  be  important  in  relation  to  the  action  of  anti¬ 
histamine  drugs.  As  already  mentioned,  the  histamine  released 
by  the  antigen-antibody  reaction  may  produce  a  response  either 
in  the  cells  which  release  it,  or  in  remote  parts  of  the  body.  Dale 
speaks  of  the  former  as  an  intrinsic  and  of  the  latter  as  an  extrinsic 
histamine  action  ;  as  examples  of  intrinsic  histamine  action  the 
anaphylactie  responses  ol  smooth  muscle  such  as  the  uterus,  gut 
or  bronchioles  may  be  eited,  whereas  the  vaseular  responses  in  the 
skin  and  nasal  mueosa  would  serv'e  as  examples  of  extrinsic 
histamine  aetion,  sinee  the  latter  is  released  from  the  epidermis  or 
naso-pharyngeal  epithelium  and  diffuses  thence  to  the  subjacent 
vascular  plexus.  Anti-histamine  drugs  might  be  expected  to  act 
niore  readily  against  extrinsic  than  against  intrinsic  histamine, 
in  the  same  way  that  atropine  more  easily  suppresses  the  aetions 
of  injected  acetyleholine  than  those  resulting  from  its  release 
at  chohnergie  nerve  endings.  The  mueh  greater  elfeetiveness  of  the 
anti-histannne  drugs  in  urtiearia  and  vasomotor  rhinitis  than  in 

spasmodm  asthma  may  be  related  to  this  differenee  in  the  site  of 
release  of  histamine. 


Whilst  It  would  appear  well  established  that  histamine  plays  an 

IhlLT  I  of  anaphylaetic  response 

^^.^stlte  r"  ’  1  "'onifestations  of 

this  state  For  example,  iiieoagiilability  of  the  blood  has  long  been 

reeognized  as  a  feature  of  anaphylaetie  shoek  in  dogs,  and  this  has 

of  Ten  I'rrinto'Ir'hT  liberation 

salt  Fe  ^  T  ’  '1  '’*olat«l  as  the  barium 

alt.  Kellaway  and  Irethewie  (inio)  found  that,  in  addition  to 
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histamine,  “slow  reacting  substance”  (Feldberg  and  Kellaway, 
1938)  appeared  in  the  perfusate  after  the  injection  of  antigen  into 
the  tluid  perfusing  sensitized  guinea  pig’s  lungs,  and  Katz  (1942) 
also  showed  that  in  sensitized  human  skin  the  application  of 
ragweed  antigen  not  only  liberated  histamine  but  also  this  “slow- 
reacting  substance.”  Furthermore,  whilst  histamine  appears  quite 
clearly  to  be  the  cause  of  death  in  the  early  stages  of  the  ana¬ 
phylactic  reaction  in  guinea  pigs  and  dogs,  death  at  later  stages 
may  occur  with  normal  blood  histamine  levels. 

The  role  of  histamine  in  other  specilic  hypersensitivity  reactions, 
such  as  the  Arthus  phenomenon,  serum  myocarditis,  tuberculin 
type  reactions  or  contact  dermatitis  is  not  so  clear,  and  if  it  is 
concerned  in  the  vascular  responses  of  such  inflammatory  states 
its  release  must  be  slow  and  continuous  to  account  for  the  pro¬ 
longed  vasodilatation  characteristic  of  these  responses. 


Histamine  in  Human  Allergy 

Rose  (1947)  has  reviewed  the  experimental  work  in  this  field. 
Studies  on  blood  histamine  levels  in  allergic  states  have  given 
conflicting  and  generally  not  significant  results,  which  may  be 
related  to  the  fact  that  allergic  phenomena  are  usually  confined  to 
one  or  two  snecific  tissues,  whereas  acute  anaphylaxis  is  a  very 
widespread  reaction.  Rose  has  shown  too  that  injection  of  hist¬ 
amine  in  man  in  doses  adequate  to  produce  symptoms  may  cause 
no  increase  in  blood  histamine  concentration,  so  the  demonstration 
of  systemic  effects,  such  as  flushing  of  the  skin,  or  increased 
secretion  of  HCl  in  the  stomach,  would  appear  to  be  the  most 
satisfactory  evidence  of  histamine  release  from  tissues  during 
allergic  reactions.  Katz’s  (1942)  demonstration  of  histamine 
release  by  intradermal  injection  of  antigen  in  allergic  patients  is 
the  clearest  confirmation  of  Lewis’  original  hypothesis 

Weiss  et  al  (1932)  were  the  first  to  show  that  whilst  histamin 
injection  caused  no  respiratory  symptoms  in  normal  m 

asthmatic  subjects  it  produced  difficulty  in  ^rea^ng^ 
marked  reduction  in  vital  capacity.  Ihis  response  has  also  I  een 
i^^ently  stuc.iocl  l.y  Curry  It  has  sonrct.mes  been  sugges  d 

that  such  Hudiugs  demonstrate  an  "“'■eased  sens  t  v  ty  of 

bronchiolar  muscle  towards  histamine  m  asthma,  but  this  does  not 
broncliio  ar  m  sc  asthmatics  there  is 

necessarily  follow.  It  may  'veii  oe  mai  lumen 

some  swelling  of  the  respiratory  tract  mucosa,  so  that 
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is  reduced  in  diameter,  though  not  sufficiently  to  produce  symp¬ 
toms  at  rest.  Injection  of  histamine  might  then  so  narrow  the 
bronchiolar  lumen  as  to  produce  symptoms  and  reduction  in  vital 
capacity,  even  though  the  increase  in  muscular  tone  were  no 
greater  than  in  normal  persons. 


Anti-histamine  Drugs 

Drugs  which  antagonize  the  effects  of  histamine  in  animals 
might  work  in  three  main  ways.  Firstly,  they  might  exert  pharma¬ 
cological  actions  directly  opposed  to  those  of  histamine,  as  for 
example  when  adrenaline  relaxes  the  smooth  muscle  contraction 
produced  by  histamine  in  the  intestine  or  bronchioles,  secondly, 
they  might  merely  prevent  or  oppose  the  actions  of  histamine 
without  themselves  having  direct  antagonistic  pharmacological 
actions,  or  thirdly,  they  might  destroy  or  neutralize  histamine  by 
some  direct  chemical  action.  It  is  the  second  type  of  action  [which 
might  in  some  instances  be  due  to  competitive  antagonism  (see  p. 
335)]  with  which  we  shall  be  chiefly  concerned,  since  many 
substances  have  recently  been  discovered  which  are  verv  powerful 
histamine  antagonists  of  this  kind. 

Histamine  can  actually  desensitize  tissues  to  its  own  action, 
and  Fdlbacher  et  ol.  (1937)  found  that  certain  amino-acids,  e.g. 
histidine,  arginine  and  cystine,  antagonized  histamine  when 
applied  in  very  high  concentrations,  but  the  discovery  of  the  really 
potent  anti-histamine  drugs  originated  with  the  work  of  Bovet 
and  his  colleagues  in  the  Pasteur  Institute  in  Paris.  (See  reviews 
on  anti-histamine  drugs  by  Feinberg,  1946  and  1947  •  Loew 

1948 ;  Dale,  1948  ;  Bovet  and  Bovet-Nitti! 
1948.)  ’ 


Ungrar  et  al.  (1937)  showed  that  an  anti-adrenaline  drug 
piperidinoniethyl-2-benzodioxane  (933F)  also  antagonized  histt 

929F  (1937)  found  that  a  phenolic  ether, 

thpf  ’  K  ^^"^'''l^/^li-h^stamme  actions,  although  too  toxic  for 

lerapeutic  use  Modifications  of  its  structure  led  to  more  active 

arr^eX^^hi  tT^*^  \  relations  of  some  of  these  substances  to  929F 
first  ethXner  1939  Staiib  introduced  the 

cirseribld  hk  1942  Halpern 

more  nower rni  hk  the  latter  being  a  much 

p  werlul  histamine  antagonist  than  1571F.  In  1944  Bovet 
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Chemical  Formulae  of  Some  Anti-histamine  Drugs 
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j3  dimethylaminoethylbenzhydryl  ether 


Derivatives  of  Ethylenediamine 
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Antistin 


N-CH2 — C 
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'NH - CH, 


2-(N-phenyl-N-benzylaminomethyl)-iminazoline 


Promethazine 
( Phener<fan 
.•{277 


^-dimethylaniino-N-propylthiodiplienylamine 


Thephorin 

(Piienindamine) 
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\Ax 

N-(-'-cl,lor„<.thyl)-N.ethy|.l.nu„lithalencmethylamine 


68 


ANTI  HISTAMINE  DRUGS 


et  al.  introduced  the  still  more  potent  Neoantergan  (]Mepyramine), 
and  in  1945  Mayer  et  al.  deseribed  the  closely  related  eompound 
Pyribenzamine.  In  1945,  Loew  et  al.  introduced  Benadryl  (Di¬ 
phenhydramine)  and  in  1947  llalpern  reported  the  powertul 
anti-histamine  actions  of  Promethazine  (3277  R.P.,  Phenergan). 
Other  drugs  of  this  group  include  Antistin  (iNIeier  and  Bucher, 
1946),  Iletramine  (Fcinstone  et  al.,  1946),  Neohetramine  (Reinard 
and  Scudi,  1947),  t'hlorothen  (Litchfield  et  al.,  1947)  and  'Ihephorin 
(Lehmann,  1948),  which  is  very  interesting  since  its  chemical 
structure  is  quite  different  from  the  others. 

Loew  and  Micetich  (1948)  and  Stone  and  Loew  (1948)  have 
recently  described  a  series  of  comjiounds  which,  unlike  most 
anti-histamines,  antagonize  the  effects  of  adrenaline  as  well  as 
those  of  histamine.  The  most  important  member  of  this  series  is 

N-(2-chloroethyl)-N-ethyl-l-naphthalenemethylamine,  which  is  as 

potent  as  mepyramine  in  the  protection  of  guinea  pigs  against 
histamine  toxicity  or  anaphylactic  shock. 


Actions  of  Anti-histamine  Drugs 

All  the  actions  of  histamine  in  the  body,  except  the  stimulation 
of  HCl  secretion  by  the  stomach,  are  antagonized  by  the  anti¬ 
histamine  drugs.  The  simplest  demonstration  of  this  antagonism 
is  the  prevention  of  death  from  histamine  poisoning  by  prior 
administration  of  an  anti-histamine  drug.  This  has  been  the  basis 
for  many  studies  on  the  relative  poteneies  of  drugs  of  this  group 
and  has  been  most  simply  performed  on  guinea  pigs,  in  whic  i 
histamine,  usually  given  intravenously  or  m  atomized  orm  by 
inhalation,  causes  asphyxial  death  in  a  few  minutes  from  broncl  i- 
olar  spasm  and  peribronchial  and  mucosal  ^ 

Friedlaender  et  al.  (1947)  determined  the  numbm-  of  L  D.lOO  di .  . 
of  histamine  required  to  kill  guinea  pigs  after  i^traperitoncal 
iniection  of  some  anti-histamine  drugs,  each  given  m  a  dose  o 
3  mg./kg.  15  minutes  before  intravenous  injection  of  histamine. 

They  obtained  the  following  values 

After  Benadryl  5  L.D.lOO  doses  of  histamine  were  required  to 
produce  100  per  cent  of  deaths. 

After  Antergan  C  L.D.lOO  .loses  of  histainino  were  require, I  to 
produce  100  per  cent  of  deaths. 
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After  Pyribenzamine  37  L.D.lOO  doses  of  histamine  were  re¬ 
quired  to  produee  100  per  eent  of  deaths. 

After  Mepyramine  125  L.D.lOO  doses  of  histamine  were  re¬ 
quired  to  produce  100  per  cent  of  deaths. 

Halpern  (1947)  found  by  this  method  that  promethazine  could 
protect  guinea  pigs  against  up  to  loOO  L.D.lOO  doses  of  histamine, 
a  remarkably  powerful  antagonism. 

Comparative  tests  of  this  kind  may  exaggerate  the  differences 
between  individual  drugs,  but  there  is  no  doubt  that  pyriben¬ 
zamine,  mepyramine  and  promethazine  are  more  effective  than 
antergan,  benadryl.  and  antistin  in  the  prevention  of  histamine 
induced  broncho-spasm,  and  the  former  are  also  generally  more 
potent  against  clinical  allergic  diseases. 

Anti-histamine  drugs  can  prevent  the  blood  pressure  lowering 
action  of  histamine  in  antesthetized  cats  or  dogs.  They  also 
antagonize  the  actions  of  histamine  on  the  smooth  muscle  of 
isolated  organ  preparations  such  as  the  intestine,  uterus  and 
perfused  lung.  The  histamine-induced  contraction  of  the  guinea 
pig  ileum  is  very  suitable  for  comparative  studies  on  anti¬ 
histamines,  since  the  histamine  stimulus  may  be  applied  repeatedly 
at  short  intervals  (e.g.  3  minutes)  and  the  anti-histamine  drug 
actions  are  usually  (juite  easily  removed  by  washing  out.  The 
quantitative  aspects  of  this  technique  have  been  very  fully 
investigated  by  Schild  (1947)  who  found  mepyramine  to  be  the 
most  potent  anti-histamine  substance  on  the  guinea  pig  ileum. 
Reuse  (1948)  has  used  mepyramine,  in  low  concentrations,  as  a 
means  of  identifying  histamine  in  tissue  extracts,  in  the  same  way 
that  atropine  can  help  in  the  identification  of  acetylcholine. 

Capillary  P ermeability.  Histamine  antagonists  can  prevent  the 
increase  in  capillary  permeability  produced  by  histamine  (Last  and 
Loew,  1947).  Roth  benadryl  and  mepyramine,  given  sub¬ 
cutaneously  in  rabbits,  could  diminish  or  prevent  the  escape  of 
intravenously  injected  trypan  blue  at  sites  of  intradermal  injection 
of  histamine.  Halpern  (1949)  has  particularly  emphasized  that 
promethazine  opposes  the  increase  in  capillary  permeability  evoked 
by  other  substances  besides  histamine.  He  found  that  it  could 
prevent  the  appearance  of  the  acute  pulmonary  oedema  induced 
by  adrenaline,  chloropicrin  or  phosgene;  promethazine  also 
prevented  the  production  of  experimental  orthostatic  albuminuria 
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in  rabbits.  Ilalpeni  has,  tiiercforc,  suggested  tliat  apart  from  its 
auti-histamine  aetion,  promethazine  has  some  direet  effeet  on 
capillary  permeability.  This  aetion  might  be  related  to  the  finding 
of  Haley  and  Harris  (1049)  that  promethazine,  and  some  other 
histamine  antagonists,  cause  jiowcrful  contraction  of  the  pre¬ 
capillary  sphincters  in  the  vessels  of  the  rat’s  meso-appendix.  The 
concentration  of  promethazine  required  for  this  aetion  was  of  the 
order  to  be  expected  in  tissues  from  administration  of  the  usual 
doses  of  the  drug  by  mouth  or  by  injection.  Last  and  Loew  (1947) 
showed  that  the  increased  permeability  produced  by  intradermal  in¬ 
jection  of  trypsin,  snake  venom,  stajdiylococeus  toxin  or  other 
nocuous  substances,  as  well  as  that  resulting  from  injection  of  horse 
serum  into  sensitized  rabbits  to  produce  the  Arthus  reaction,  were 
not  modified  by  benadryl.  However,  Bcnaeerraf  and  Fisehcl  (1949) 
have  found  that  very  large  doses  of  promethazine  (25-l()()  mg./kg.) 
can  inhibit  severe  Arthus  reactions,  probably  by  the  vascular 
mechanisms  just  described.  This  drug  also  inhibited  the  skin 
responses  to  streptococcal  erythrogenic  toxin.  It  is  still  not 
clear  what  part,  if  any,  is  played  by  histamine  in  such 
reactions. 


Macht  et  al.  (1949)  have  noted  that  benadryl  and  pyribenzamine 
(introduced  bv  iontophoresis)  inhibited  the  formation  of  experi¬ 
mental  frost  bite  wheals  in  human  skin.  The  drugs  also  reduced 
the  tendency  to  vesicle  formation,  but  had  no  effect  on  the  tender¬ 
ness,  pain  and  redness  which  were  present  for  the  first  few  days 
after  freezing. 

Inhibition  of  Histamine  Wheal  by  Anti-histamine  Drugs  vi  Man. 
Bain  and  his  colleagues  at  Leeds  (Bain  et  al.,  1948,  and  Bain,  1949) 
have  studied  the  actions  of  anti-histamine  drugs,  given  both  locally 
and  by  mouth,  on  the  development  of  the  flare  and  wheal  responses 
to  intradermal  injection  of  histamine  in  normal  human  subjects. 
By  measuring  the  amount  of  drug  recpiircd  to  reduce  the  area  of 
histamine-induced  wheals  by  50  per  cent  they  were  able  to  com¬ 
pare  the  weight  for  xveight  potencies  of  anti-histamme  drugs,  foi 
example,  they  found  after  oral  administration,  the  following 
equivalent  potencies  for  single  doses  of  the  drugs  mentioncc  . 
40  mcT.  promethazine  =275  mg.  mcpyraminc  =000  mg.  antistm  In 
other  words  promethazine  was  nearly  seven  times  as  ^ 

mepyramine,  and  fifteen  times  as  potent  as  antistm.  Bain  et  al.  al 
used^his  inhibition  of  histamine  wheal  formation  to  follow  the 
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duration  of  action  of  anti-histamine  drugs.  The  results  will  be 
discussed  later. 

Anti- anaphylactic  Actions.  As  was  to  be  expected,  anti-histamine 
drugs  can  prevent  the  symptoms  and  signs  of  anaphylactic  shock 
in  animals.  This  effect  has  been  most  simply  demonstrated  in 
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The  responses  to  rapeed  extract  were  tested  in  2  allergic  subjects 
^  administration  of  100  mg.  of  pyribenzamine  the 
flare  and  wheal  responses  were  much  smaller  than  in  the  control 

observations. 

(After  Arbesman  et  at.,  1946.) 

guinea  pigs,  and  it  is  interesting  to  note  that  the  difTerences  in 
potency  among  drugs  ot  tliis  group  are  mud,  less  witi,  respect  to 
their  anti-anaphylaetic,  than  to  their  anti-liistamine  actions  For 
example,  h  riedlaender  et  al.  (1946)  found  that  althougl,  ’  pvri- 
enzamme  was  seven  times  more  powerful  tlian  henadryf  against 
histamine  slioek,  there  was  no  difference  in  tlieir  capacity  to 
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prevent  the  anaphylactic  response.  Landau  et  al.  (1948)  showed 
that  in  spite  of  wide  differences  in  anti-histamine  potency,  benadryl, 
})yribcnzamine,  mepyramine,  chlorothen  and  promethazine  were 
e(jui-active  against  anaphylactic  shock  in  guinea  pigs.  Antistin  was 
definitely  weaker  than  the  other  compounds,  both  against  hista¬ 
mine  toxicity  and  anaphylactic  shock.  Halpern  (1947)  found  that 
these  drugs  (e.g.  promethazine)  could  not  only  prevent  the  acute 
shock  l)ut  also  the  tissue  eosinophilia  as  seen,  for  example,  in  the 
lungs. 

In  man,  Harley  (1946)  showed  that  benadryl  reduced  the 
skin  response  to  grass  pollen  extracts  in  allergic  subjects,  and 
Arbesman  et  al.  (1946)  have  shown  a  similar  effect  with  pyri- 
benzamine  (Fig.  6).  Herxheimer  (1949)  has  also  demonstrated  the 
prevention  of  mild  pollen-induced  bronchospasm  by  means  of 
mepyramine  and  promethazine. 

The  possibility  that  anti-histamine  drugs  might  prevent  the 
development  of  chronic  allergic  tissue  reactions  has  been  studied, 
among  others,  by  MacGregor  and  Wood  (1949).  They  injected 
horse  serum  into  rabbits  and  noted  the  previously  reported 
appearance  of  myocardial  and  valvular  lesions  resembling  those  of 
rheumatic  fever  or  polyarteritis  nodosa.  Mepyramine  and  benadryl 
had  no  effect  on  the  development  of  these  lesions. 


Gastric  Secretion.  It  is  a  very  interesting  finding  that  anti¬ 
histamine  drugs  do  not  inhibit  the  secretion  of  HCl  evoked  by 
histamine  (Loew,  1947).  Indeed  there  is  some  evidence  that  these 
drugs  may  actually  increase  the  gastric  secretory  response  to 
histamine  in  cats  and  in  man  (Wood,  1948;  Doran,  194J  ; 
Ashford  et  al.,  1949).  A  most  striking  demonstration  of  this 
anomalous  finding  is  seen  in  the  work  of  Halpern  (1947)  who 
showed  that  although  guinea  pigs  could  be  protected  against  t  le 
immediate  effects  of  up  to  1500  lethal  doses  of  histamine  Ip' 
promethazine,  many  animals  died  24-48  hours  later  with  acute 
perforations  of  the  stomach,  presumably  due  to  the  very  powerfii 
stimiilntinn  of  HC'l  secretioii  by  the  histamine. 


actions. 


(f)  Local  Ancesthesia 
anaesthetics.  P’or  exam 


hesia.  All  the  anti-histamine  drugs  are  local 
example  Dews  and  Graham  (1946)  found  that 
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mepyramine  was  about  three  times  as  powerful  as  proeaine.  It 
would  seem  probable  that  anti-histamine  action  is  not  related  to 
local  anai'sthetic  potency. 

(n)  Qiihiidiue-like  Action.  Dews  and  Graham  (1946)  found 
that  mepyramine  was  twice  as  potent  as  quinidine  in  prolonging 
the  refractory  period  of  the  rabbit’s  auricle. 

(Hi)  Anti-acetylcholine  Action.  These  drugs  produce  atropine¬ 
like  effects,  e.g.  dryness  of  the  mouth.  They  antagonize  the  actions 
of  acetylcholine  on  smooth  muscle  but  Schild  (1947)  has  shown 
that  higher  concentrations  are  required  for  this  effect  than  to 
antagonize  the  actions  of  histamine.  Mepyramine  in  particular  is 
highly  specific  in  its  antagonism  to  histamine,  its  anti-acetylcholine 
action  being  very  weak. 

{iv)  Anti-adrenaline  Action.  A  few  members  of  this  group 
antagonize  certain  actions  of  adrenaline,  e.g.  N-(2-chloroethyl)- 
N-ethyl-l-naphthalenemethylamine  (Loew  and  Micetich,  1948) 
and  thephorin  (Lehmann  et  al.,  1949). 

(v)  Central  Is  ervous  System.  In  man  these  drugs,  especially 
benadryl,  frecpiently  produce  drowsiness.  Hewer  and  Keele 
(1948)  have  shown  that  benadryl  and  mepyramine  have  analgesic 
actions  in  man.  These  central  effects  may  explain  the  relief 
produced  in  some  patients  with  pruritus. 

Cliurchill  and  Gammon  (1»49)  liave  studied  tile  aetions  of 
benadryl  and  pynbenzamine  in  patients  with  epilepsy.  Benadryl 
acting  like  mephenesm,  diminished  the  electroencephalographic 
abnormality  and  reduced  the  frequency  of  attacks  in  petit  mal,  but 
actually  induced  seizures  in  patients  with  focal  lesions  of  the 
cerebral  cortex  Pyribenzamme  increased  the  abnormality  in  both 
petit  mal  and  focal  cases 

. 

possible  tint  tliJc  4-  •  i  ^  ^  antagonism  in  vitro  it  is 
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blood  level  began  to  rise  about  one  hour  after  ingestion,  and 
reached  a  peak  value  of  about  1  /xg./ml.  after  1^2  hours  ;  with 
j^yribenzamine  the  blood  levels  rose  more  slowly  and  had  not 
reached  a  peak  after  three  hours. 

Both  drugs  were  excreted  in  the  urine.  After  24  hours  46  per 
cent  of  benadryl  and  20  per  cent  of  pyribenzamine  were  recovered. 
How'ever,  it  seems  highly  probable  from  the  work  of  Glazko  et 
al.  (1949),  who  studied  the  distribution  and  excretion  of  benadryl 
containing  radioactive  carbon,  that  about  90  per  cent  of  the 
material  present  in  the  urine  represents  degradation  products  of 
benadryl.  Glazko  and  Dill  (1949)  incubated  benadryl  with  various 
tissues  in  rats,  guinea  pigs  and  rabbits  and  found  that  liver  caused 
the  greatest  destruction  of  the  compound,  though  lung  and  spleen 
were  also  active. 

Perlman  (1949)  has  described  a  method  for  the  determination 
in  body  fluids  of  anti-histamines  which  contain  pyridine  and 
dimethylethylenediamine  groupings  (e.g.  pyribenzamine  and 
mepyramine).  These  substances  react  with  cyanogen  bromide  to 
produce  a  blue  fluorescent  substance.  After  oral  administration  of 
pyribenzamine  the  highest  rate  of  excretion  occurred  within  U-4| 
hours,  and  the  maximum  amount  excreted  was  about  10  per  cent 
of  that  ingested.  The  excreted  pyribenzamine  was  firmly  com¬ 
bined  with  some  acidic  substance  or  radical. 


Clinical  Uses  of  Anti-histamine  Drugs 

It  is  not  possible  in  the  available  space  to  review  the  whole  of 
the  extensive  literature  in  this  field,  but  there  are  a  number 
of  general  aspects  and  certain  conclusions  to  be  discussed.  The 
reviews  by  Feinberg  (1946,  1947),  Hunter  and  Dunlop  (1948  , 
Loew  (1947)  and  Loveless  and  Dworin  (1949)  shovdd  be  consultec  . 

In  the  first  place  it  must  be  emphasized  that  the  anti-histamine 
drugs  are  purelv  palliative  in  their  actions.  They  have  no  effect 
on  the  development  of  sensitization,  and  they  do  not  interfere  with 
the  presumed  antigen-antibody  reactions  which  underlie  the 
production  of  allergic  manifestations  They 
Libstitutcs  for  desensitization  procedures,  nor  do  thp 
pLce  such  adjuvant  drugs  as  spasmolytics,  vasoconstrictors  or 
expectorants.  Moreover  they  do  not  influence  appreciably 
“del'ivcd”  tyiies  of  inflammatory  allergic  reaction,  and  are  not 
eve.;  ul,rn'l'y  effective  against  tl.e  “nnn.ediate”  types,  tiay  et  al. 
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(1 !)  18)  hav^e  emphasized  that  the  cliuieal  effectiveness  of  tlie  various 
aiiti-liistamine  drugs  is  much  more  closely  related  to  their  anti- 
anaphylactic  than  to  their  anti-histamine  potencies  in  animals. 


Effects  in  Urticaria,  Serum  Sickness  and  Dermographism 

There  is  no  cpicstion  about  the  considerable  symptomatic  value 
of  these  drugs,  which  will  first  be  considered  in  relation  to  such 
characteristic  allergic  conditions  as  urticaria,  serum  sickness  and 
dermographism. 

It  has  been  the  general  experience  that  about  80  per  cent  of 
patients  with  urticaria  and  angioneurotic  oedema  obtain  worth¬ 
while  relief  from  anti-histamine  drugs.  The  relief  of  itching  may  be 
more  striking  than  the  diminution  of  oedema.  In  serum  sickness  or 
in  penicillin  reactions  the  joint  symptoms  are  more  resistant  than 
the  manifestations  in  skin  and  mucous  membranes.  Acute 
urticaria  usually  responds  better  than  the  chronic  forms.  Though 
the  drugs  prevent  the  development  of  new  lesions  they  do  not  affect 
established  lesions. 

According  to  Feinberg  (1917),  benadryl  and  pyribenzamine  are 
about  equally  effective  against  urticaria.  Bain  et  al.  (1918  and 
1919)  have  correlated  clinical  improvement  in  urticaria  following 
mepyramine  and  promethazine,  with  coincidental  reductions  in 
skin  responses  to  histamine.  They  found  that  chronic  urticaria  was 
just  controlled  by  doses  of  mepyramine  and  promethazine  which 
reduced  the  area  of  the  intradermal  histamine  wheal  by  about  50 
per  cent.  They  also  compared  the  therapeutic  potency  of  mepv- 
ramine  and  promethazine  by  finding  the  smallest  dose  of  each  drug 
which  would  just  prevent  the  appearance  of  urticarial  lesions  ;  in 
this  way  they  showed  that  25  mg.  daily  of  promethazine  was  as 
effective  as  350  mg.  daily  of  mepyramine,  or  in  other  words 
promethazine  was  11  times  as  potent  as  mepyramine.  Against 

(BrSmt  other  drugs 

acS:: 

4.-  4.  iiunrer  (191/)  who  noted  rccurrenoo  in 

I  he  beneficial  action  of  anti-histamines  in  dermographism  has 
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been  applied  by  Feinberg  (1947)  to  the  suppression  of  non- 
specifie  reaetions  in  the  course  of  skin  sensitivity  tests  in  allergic 
subjects.  . 

In  cases  of  chronic  urticaria  in  which  mepyramine  was  given  for 
periods  up  to  two  years  there  was  no  evidence  of  any  increased 
tolerance  to  the  drug  (Hunter  and  Dunlop,  1948). 

Hay  Fever  and  Perennial  Allergic  Rhinitis 

The  general  response  to  anti-histamine  drugs  in  these  conditions 
has  been  that  about  80  per  cent  of  hay  fever  patients,  and  about 
50  per  cent  of  patients  with  perennial  vasomotor  rhinitis,  show 
definite  improvement.  Pyribenzamine  and  mepyramine  appear  to 
be  more  effective  than  benadryl  or  antistin.  In  allergic  rhinitis  the 
most  striking  effect  is  the  relief  of  itching  and  sneezing.  Reduction 
of  intranasal  oedema  is  less  marked,  and  it  may  be  desirable  in 
some  cases  to  add  the  vasoconstricting  properties  of  ephedrine  to 
the  effects  of  the  histamine  antagonist. 

It  will  be  recalled  that  in  urticaria  and  hay  fever  we  are  dealing 
with  the  actions  of  what  Dale  (1948)  has  called  extrinsic 
histamine.  This  may  account  for  the  good  responses  obtained 
with  anti-histamine  drugs. 


Asthma 

Although  earlier  clinical  studies  suggested  that  anti-histamines 
produced  improvement  in  asthma,  it  is  now  generally  accepted 
that  these  drugs  are  of  little  or  no  benefit  in  this  condition,  except 
perhaps  in  the  mild  chronic  asthmatic  state  (Herxheimer,  1949) 

This  has  been  most  clearly  revealed  by  the  investigations  of 
Levy  and  Seabury  (1947)  who  observed  no  increase  m  vital 
capacity  in  asthmatics  after  benadryl,  and  by  the  Cc^efully 
controlled  clinical  studies  with  mepyramine  by  Hunter  and  Dunlop 
(1948)  and  Southwell  (1948).  The  reasons  for  this  poor  response 
are  not  clear.  Currv  (1946)  measured  the  reduction  m  vital 
capacity  produced  by  injection  of  histamine  in  asthmatic  subjects 
and  showed  tliat  lienadryl  or  ,>yribenzamine  could  comp  e  y 
prevent  this  action  of  histamine  (Fig.  7).  However  it  will  be 
IiTtld  that  in  these  experiments  of  Curry’s  the  Instainnic  is  to  be 
regarded  as  “extrinsie,”  whereas  the  allergic  response  might 
refease  histamine  of  the  “intrinsic”  type  m  very  close  relation 
irthe  broiichiolar  ninsele  and  nnieosa.  The  eoneentration  of 
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anti-liistamine  drugs  might  be  adequate  to  counteraet  “extrinsic 
but  not  “intrinsic”  histamine,  and  to  overcome  this  difiiculty 
Feinberg  has  suggested  the  inhalation  of  aerosols  of  anti- histamine 
drugs. 

However  it  still  remains  possible  that  asthma  is  not  primarily 
due  to  the  actions  of  histamine  at  all.  It  may  be  mentioned  that 


Fig.  7 

Pyribenzamine  on  Histamine  Bronciioconstriction 

Intravenous  injection  of  0.02  mg.  of  histamine  caused 
marked  temporary  reduction  in  vital  capacity  due  to 
bronchoconstriction.  Previous  administration  of  50  mg. 
of  Pyribenzamine  by  mouth  prevented  this  action  of 

histamine. 

(After  Curry,  1946.) 

Curry  (1947)  found  that  asthmatic  subjects  were  even  more 
sensitive  to  the  actions  of  acetyl-^-methyl  choline  than  to 
histamine. 


Skin  Diseases  Other  than  Urticaria 
The  Itching  of  atopic  dermatitis  usually  responds  well  to  anti- 
iistamme  drugs,  and  the  subsequent  cessation  of  scratching  may 
allow  the  skin  coiKlition  to  improve.  In  contaet  dernmtitis 
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eczema  and  some  types  of  pruritus,  itching  may  also  be  relieved, 
though  usually  less  effectively  than  in  atopic  dermatitis.  Anti¬ 
histamine  drugs  have  usually  been  administered  orally  in  these 
conditions,  but  Feinberg  and  Bernstein  (1947)  have  reported  good 
results  with  an  ointment  containing  2  per  cent  pyribenzamine 
hydrochloride. 

Strauss  (1949)  has  reported  very  rapid  relief  of  pain  and  local 
manifestations  after  application  of  5  per  cent  thephorin  ointment  to 
sites  of  bee  stings.  It  was  also  effective  against  stings  by  wasps 
and  hornets,  and  against  bites  by  ants  and  mosquitoes. 

Miscellaneous  Uses 

Anti-histamine  drugs  have  been  described  by  some  as  effective 
in  gastro-intestinal  allergy,  in  migraine,  in  erythema  multiforme, 
in  allergic  eye  diseases  and  in  drug  eruptions  of  the  urticarial 
type. 

The  anti-histamine  drugs  have  been  found  useful  in  the  control 
of  local  and  systemic  reactions  produced  by  specific  antigens 
during  desensitization  therapy.  They  can  also  be  used  to  prevent 
local  hypersensitivity  reactions  to  injection  of  liver  extract  or 
insulin  (e.g.  Hunter  and  Hill,  1947). 

It  has  been  claimed  by  Craig  et  al.  (1949)  that  mepyramine  is 
effective  in  acute  nephritis.  If  this  report  is  confirmed  it  would 
be  most  interesting,  since  it  is  diflicult  to  see  how  the  effect  could 
be  due  to  the  anti-histamine  j)roperties  of  the  drug,  and  it 
might  be  that  mepyramine  in  some  way  influences  the  allergic 
process  thought  to  underlie  this  condition. 

It  has  been  stated  by  Brewster  (1949)  that  a  number  of  anti¬ 
histamine  drugs  were  effective  in  the  treatment  of  the  common 
cold,  but  a  properly  controlled  study  by  Baton  et  al.  (1949)  on  the 
actions  of  mepyramine  in  this  condition  did  not  confirm  this 

claim. 

Central  Nervous  Actions  of  Anti-histamines 

It  is  now  well  recognized  that  anti-histamines  exert  definite 
effects  on  the  central  nervous  system,  and  reference  has  already 
been  made  to  the  soporific  and  analgesic  actions  of  these  drugs. 
It  seems  likely  that  certain  therapeutic  applications  of  these 
compounds  are  based  on  their  central  nervous  actions. 

Parkinsonism.  Beneficial  effects  from  anti-histamme  drugs  m 
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Parkinsonism  have  been  reported  in  France  and  the  U.S.A.,  and 
Ryan  and  Wood  (1949)  have  described  their  results  of  administra¬ 
tion  of  benadryl  to  40  patients  with  this  disease.  The  most  striking 
benefit  was  relaxation  of  rigidity,  treinor  usually  showing  no 
improvement. 

Actions  on  the  Vomiting  Centre.  Rignall  and  Crofton  (1949) 
have  described  the  successful  use  of  benadryl  and  antistin  in  the 
relief  of  nausea  and  vomiting  produced  during  treatment  with 
streptomycin.  These  authors  emphasize  that  the  anti-histamine 
drugs  have  no  effect  on  the  giddiness  due  to  streptomycin.  However, 
Rrown  and  Hunter  (1948)  observed  no  benefit  from  administration 
of  mepyramine  to  patients  with  irradiation  sickness  ;  indeed  there 
was  more  constitutional  upset  in  treated  patients  than  in  untreated 
controls. 


A  most  interesting,  and  useful,  application  of  an  anti-histamine 
drug  is  described  by  Gay  and  Carliner  (1949).  They  gave  “drama- 
mine”  (/8-diniethylaminoethylbenzohydrylether-8-chloro-theophyl- 
line)  to  a  pregnant  woman  with  urticaria,  who  noted  that  the 
drug  completely  prevented  car  sickness,  to  which  she  was  verv 


predisposed.  The  authors  then  organized  a  large  scale  trial  of  the 
drug  for  its  effects  on  seasickness  in  485  American  soldiers 
travelling  in  a  liner  from  U.S.A.  to  Bremerhaven.  Carefully 
controlled  observations  showed  that  “dramamine”  was  much  more 
effective  than  a  placebo,  both  in  the  prevention  and  treatment  of 
seasickness.  For  example,  372  of  389  seasick  soldiers  were  com¬ 
pletely  relieved  within  one  hour  of  oral  administration  of  a  single 
100  mg.  dose  of  “dramamine”;  the  usual  dosage  was  100  mg.  five 
hourly,  which  produced  no  side  effects.  Rust  and  Fosberv  (1949) 
lave  conhrmed  these  findings,  and  have  found  “dramamine”  to  be 
etlective  m  persons  who  do  not  respond  to  hyoscine.  They  regard 

adequate  dose.  Strickland  and  Hahn 
(1«49)  also  found  that  “dramamine”  was  useful  in  the  prevention 
f  airsickness,  but  the  effects  were  less  striking  than  those  reported 
■  n  seasickness.  Carliner  el  al.  (1949)  have  also  reported  beneficial 

from  Lmic  “f  “dramamine”  to  women  suflering 

irom  \omiting  of  pregnancy.  ° 

hyosdirin  tlT”’  the  effects  of  mepyramine  and 

lyoscme  111  the  control  of  seasickness ;  he  found  100  mu  of 

mepyramine  at  least  as  effective  as  0.05  mg.  of  urcine  am 

recommended  three  daily  doses  of  the  former  ilriig. 
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Administration  and  Dosage 

I  he  anti-histamine  driijs^s  are  usually  administered  orally  in 
tablet,  capsule  or  licpiid  form  (see  Hunter  and  Dunlop,  1948). 
They  may  occasionally  be  given  by  subcutaneous,  intramuscular 
or  slow  intravenous  injection.  The  usual  single  oral  dose  of 
benadryl  and  pyribenzamine  is  50  mg.,  and  of  mepyramine  and 
antistin  100  mg.  The  maximum  daily  dose  of  benadryl  is  about 
400  mg.,  of  pyribenzamine  600  mg.  ami  of  antistin  and  mepyramine 
800  mg.  As  Rain  et  al.  (1948)  hav'e  shown,  ev^en  larger  doses  of 
mepyramine  (up  to  1,200  mg.  daily)  may  be  recjuired  to  control 
urticaria  in  some  patients,  but  of  course  side  actions  are  much 
more  fre(juent  with  such  large  amounts. 

The  drugs  arc  generally  fairly  rapidly  absorbed  from  the 
alimentary  tract  and  j)eak  action  occurs  after  1^-4  hours.  It  is 
usually  stated  that  the  actions  persist  for  4-6  hours,  but  Bain 
et  al.  (1948  and  1949)  have  shown  that  promethazine  differs 
markedly  from  the  other  anti-histamine  drugs  in  having  a  very 
prolonged  action.  For  example,  they  studied  the  duration  of  action 
of  some  of  these  drugs  by  recording  their  inhibitory  effects  on  the 
size  of  the  intradermal  histamine  wheal,  induced  at  frequent 
intervals.  To  compare  the  drugs  with  each  other  they  measured 
the  time  of  decay  from  full  action  to  half  action  and  obtained  the 
following  figures  (see  Fig.  8). 

Promethazine  19^  hours 

Mepyramine  5  hours  10  minutes 

Antistin  3^  hours 

Pyribenzamine  3j  hours 


Perry  and  Ilcarin  (1949)  have  recorded  the  duration  of  action 
of  anti-histamine  drugs  by  measuring  the  cutaneous  response  to 
different  concentrations  of  histamine  introduced  by  iontophoresis. 
With  50  mg.  of  benadryl  or  pyribenzamine,  the  maximum  effect 
occurred  about  2  hours  after  ingestion,  and  the  action  was  over  in 

5  hours.  1  p 

Rain  et  al.  have  taken  advantage  of  the  prolonged  action  ot 

proniethaziTie  in  the  followinR  way.  .V  single  dose  ot  2a-5(>  mg. 
is  given  daily  at  .light.  The  side  elTeets  are  nis.pnhea.it 
niglit  (indeetl  the  soporillc  aetion  may  he  helplnl)  and  pass  off  lx  tor 
the  morning,  whilst  the  therapentie  elleet  is  m.ich  more  prolonge  , 
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lasting  for  over  24  hours.  Administration  of  the  other  anti¬ 
histamine  drugs  is  usually  required  three  times  daily,  but  the 
spacing  of  dosage  should  be  related  to  the  time  of  day  when 
allergic  symptoms  are  to  be  expected. 

Toxic  Effects  of  Anti-histamine  Drugs 
Toxic  side  effects  with  these  drugs  are  fairly  frequent  (20-50  per 
cent  of  cases).  Mepyramine  and  pyribenzamine  are  better  tolerated 


EFFECT  OF  ORALLY  ADMINISTERED  ANTIHISTAMINES 
ON  THE  HISTAMINE  WHEAL  RESPONSE. 
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Duration  of  Action  of  Anti-iiista.mine  Drugs  in  JIan 

Tlie  “"‘"ns  of  the  various  drugs  were  estimated  at  intervals  by  ineasurimr 
the  area  of  the  wheals  produced  by  intradernial  histamine  * 

IVxl  "■;;  =f’t“'n"hazine  (Plienergan) 

^780  K.l  .  =  Mepyramine  (Anthisan) 

Note  the  very  slow  rate  of  decay  in  the  action  of  promethazine. 

(After  Bain,  1949.) 
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than  benadryl  and,  since  they  are  also  more  potent,  they  are 
therapeutically  more  effective.  The  commonest  symptoms  are 
drowsiness  and  lassitude  which  are  most  frequently  seen  with 
benadryl,  and  least  with  thephorin  (Frank,  1948),  which  actually 
more  frequently  produces  insomnia  and  other  signs  of  central 
nervous  stimulation.  Such  symptoms  are  commoner  in  ambulant 
patients  than  in  those  resting  in  bed.  Amphetamine  may  be  given 
to  overcome  the  soporific  action  of  benadryl.  Other  undesirable 
actions  are  dizziness,  headache  and  dryness  of  the  mouth  and  nose. 
Nausea,  vomiting,  mild  colic  and  diarrhoea  (most  frequent  with 
antistin,  mepyramine  and  pyribenzamine)  can  usually  be  avoided 
by  taking  the  drugs  in  the  middle  of  or  after  meals.  Promethazine 
produces  lightheadedness,  aching  limbs  and  ataxia  (Bain  et  al., 
1948). 

An  interesting  complication  following  local  application  of 
pyribenzamine  has  been  the  develo})ment  of  dermatitis  (Epstein, 
1947).  The  prolonged  local  use  of  thephorin  in  chronic  pruritic 
dermatitis  led  to  final  exacerbation  of  the  condition  in  14  of  50 
patients  studied  by  Ellis  and  Bundick  (1949).  In  5  of  the  14 
patients  patch  tests  were  done  ;  all  were  positive.  It  is  certainly 
desirable  to  know  whether  prolonged  local  application  (e.g.  for 
6  weeks  or  more)  of  other  anti-histamine  drugs  produces  similar 

reactions. 

It  is  important  to  emphasize  that  there  are  considerable 
individual  variations  in  the  development  of  these  side  actions, 
and  if  one  drug  is  not  tolerated  another  may  sometimes  be 

satisfactory.  ■  •  t.-  e 

It  is  not  yet  known  whether  long  periods  of  administration  ot 

anti-histamine  drugs  have  any  harmful  effects,  but  so  far  there  has 
been  no  evidence  of  toxic  actions  on  kidney,  liver  or  blood,  excep 
for  one  case  of  granulocytopenia  following  pyribenzamine  (Blanton 

and  Owens,  1947).  i  •  ^ 

Deaths  following  accidental  overdosage  of  an  anti-histannne 

drug  have  been  reported.  Tobias  (19M)  has  described  tl.e  case  of  a 
child  of  21  months  who  swallowed  (iOO  mg.  of  mepyramine  malcate 
and  Rives  el  al.  (IMO)  have  recorded  the  ease  ^ 

months  who  took  100  mg.  of  Methapyrdene  (Ihenylene  .  In  o  h 
cases  after  signs  of  initial  central  nervous  depression,  there  we 
convulsions.  Rives  ct  al.  observed  eerebrai  oedema  and  uppei 
nephron  nephrosis  at  necropsy. 
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COXCLUSIOXS 
Conclusions 

Tliis  discussion  of  the  anti-histainine  drugs  has  been  deliberately 
restricted  to  those  substances  whose  actions  have  been  sulficiently 
tested,  both  experimentally  and  therapeutically,  to  justify  at  least 
an  interim  evaluation.  The  efficacy  of  these  drugs  in  urticaria  and 
allergic  rhinitis  seems  to  be  proved,  and  their  relative  ineffective- 
ness  in  asthma  is  now  generally  accepted.  It  is  still  dilficult  to 
summarize  the  comparative  effectiv'eness  of  these  drugs,  Benadryl 
is  undoubtedly  more  liable  to  produce  drowsiness  than  the  others  ; 
of  the  drugs  in  general  use,  antistin  is  definitely  the  weakest  and 
also  the  least  toxie,  weight  for  weight,  and  promethazine  is  clearly 
the  longest  acting  member  of  the  group.  Individual  variations  in 
the  dose  required  to  control  symptoms,  and  differences  in  sensi¬ 
tivity  to  side-actions  make  dillicult  a  final  assessment  of  their 
comparative  values. 

The  future  of  the  anti-histamines  may  lie  in  making  better  use 
of  the  available  drugs  rather  than  in  the  discovery  of  new  drugs. 
Laige  numbers  of  antagonists  have  been  produced  in  recent  years, 
particularly  in  the  U.S.A.,  but  very  few  are  likely  to  prove  of 
practical  importance.  It  w'ould,  of  course,  be  desirable  to  find 
eompounds  with  reduced  toxicity  and  greater  duration  of  action, 
and  an  interesting  substance  for  which  these  properties  have 
recently  been  elaimed  is  “Histantin”  [N-methyl-N '-(f-chloro- 
benzhydrvl)  piperazine  dihvdrochloridel  (.laros  et  al  194.9  • 
Castillo  rt  al,  um).  I,  is'less  toxic  tha!,  pyribeLjunine  a,ti 
appears  to  be  almost  as  long  acting  as  promethazine. 


REFERENCES 

Ahbesman^,  C.  E.,  Koepf,  G.  F.,  and  IMiller,  G.  E.  (194(}).  ,/.  Allergy 

IIaIv  w'  «. 

N,  W.  A.,  liKOADBKNT.  .1.  L.,  and  Warin,  U.  p.  Laaccl,  ii, 

and  WARm,  11.  P. 


84 


A  ST  I -III  ST  A  MINE  DR  I JGS 


Renacerhaf,  li.,  and  Fischel,  E.  E.  (194J)).  Proc.  Sac.  exp.  liiol. 
S.Y.,  71,  349. 

Best,  C.  II.,  Dai.e,  H.  11.,  Dedi.ey,  II.  W.,  and  Tiiohpe,  W.  V. 

(1926-27).  J.  Physiol.,  62,  397. 

Bignall,  J.  R.,  and  Crofton,  J.  (1949).  Brit.  mcd.  ./.,  i,  13. 

Blanton,  W.  B.,  and  Owens,  M.  E.  B.  (1947).  J.  .truer,  rued.  Ass., 
134,  454. 

♦Bovet,  D.,  and  Bovet-Xitti,  F.  (1948).  Medicaments  du  Systeme 
Serveux  Vegetatif,  Karger,  Basle. 

Bovet,  D.,  IIorci.ois,  R.,  and  Waltiiert,  F.  (1944).  C.R.  Soc. 
Biol.  Paris,  138,  99. 

Bovet,  D.,  and  Staur,  A.  M.  (1937).  C.R.  Soc.  Biol.  Paris,  124,  547. 
Brewster,  J.  M.  (1949).  U.S.  Naval  mcd.  Bull.,  49,  1. 

Britton,  C.  J.  C.  (1947).  Larrcet,  ii,  870. 

Brown,  W.  M.  C.,  and  Hunter,  R.  B.  (1948).  Brit.  mcd.  ./.,  ii,  984. 
Carliner,  P.  E.,  Radman,  II.  M.,  and  Gay,  L.  N.  (1949).  Science, 
110  215. 

Castillo,  .1.  C.,  De  Beer,  E.  J.,  and  Jaros,  S.  II.  (1949).  J.  Pharma¬ 
col.,  96,  388. 

Code,  C.  F.  (1939).  Amer.  J.  Physiol.,  127,  78. 

Craig,  J.,  Clark,  N.  S.,  and  Chalmers,  J.  D.  (1949).  Brit.  mcd.  J., 
i,  6. 

CuRRA',  J.  J.  (1946).  ./.  clhr.  Invest.,  25,  785  and  <92. 

Curry,  J.  J.  (1947).  J.  din.  Invest.,  26,  430. 

♦Dale,  H.  II.  (1948).  Brit.  mcd.  J .,  \\, '1S\. 

Dale,  II.  II.,  and  Laidlaw,  P.  P.  (1910  11).  .7.  Physiol.,  41,  318. 
Dews,  P.  B.,  and  (Riaham,  J.  D.  P.  (1946).  Brit.  J.  Pharmacol.,  1, 

278. 

Doran,  F.  S.  A.  (1947).  Lancet,  ii,  490. 

d“o;:  C  e».S2,.  Av.cr. 

Edlbacher,  S.,  Jucker,  P.,  and  B.vur,  II.  (1937).  /.  /.  1  hysiot. 

Chem.,  247,  63.  ,  .  .  la  o- 

Ellis,  F.  A.,  and  ISundick,  W.  11.  J. 

Emmelin,  N.,  and  FEl.DBnau.  W.  (1M7).  oL,  106,  «0. 

Epstein,  E.  (1947).  J.  Amer.  mcd.  Ass.,  134,  782. 

♦Feinberg,  S.  M.  (1946).  J.  Amer.  med.  Ass.,  132,  702. 

♦P'l.’nsiwF'nr  S  M  0947).  .imer.  J.  Med.,  3,  560. 

FeInZo!  S;  M.,  and  Lknste.n,  T.  11.  (1047).  A,„cr.  As., 

FEiNltoN^rW.  11.,  WILLIAALS,  11.  D.,  and  IIEBIN,  H.  (1940).  I'nir. 

Soc.  cxj).  Biol.,  A.  I  .  63,  l.)8.  _  ia>y 

FELi.HEnG,  W.,  and  Kellawav,  C.  H.  (1938-9).  .J.Ihys,ol,  94,  187. 

Frank  R.  (1948).  Ann.  Allergy,  fi, 

F^rZNEEn,  S.,  Feinbebe,  S.  M.,  and  Feinbebo,  A.  11.  (1947). 
.7.  Lab.  din.  Med.,  32,  47. 


85 


REFERENCES 


Fiurdi-aknijeh,  S.,  Fkinbekg,  S.  M.,  and  P  ein'BEUG,  A.  K.  (1940). 
Rroc.  Soc.  exp.  Biol.  N.Y.,  62,  65. 

*(;.\iJi)L-M,  .J.  II.  (1948).  Brit.  rued.  J.,  i,  807. 

(iAV,  L.  N.,  and  Cahlinf.r,  P.  E.  (1949).  Bidl.  Johns  Hopkins  IIosp., 
84,  470. 

(Jay,  L.  X.,  Landau,  S.  W.,  Cari.ineh,  P.  PJ.,  Davidson,  X\  S., 
P'urstknbero,  V.  F.,  Herman,  N.  H.,  Nelson,  W.  H.,  Parsons, 
.1.  W.,  and  WiNKENWERDER,  W.  W.  (1948).  Bull.  Johns  Hopkins 
Hosp.,  83,  850. 

(Jebacer-Fuelnegg,  PJ.,  and  Dragstedt,  C'.  A.  (1982).  Arner.  J. 


Physiol.,  102,  520. 

Glazko,  a.  j.,  and  Dill,  W.  A.  (1949).  J.  biol.  Chern.,  179,  417. 
Glazko,  a.  j.,  McGinty,  D.  A.,  Dill,  W.  A.,  Wilson,  AI.  L.,  and 
Ward,  C.  S.  (1949).  J.  biol.  Chern.,  179,  409. 

Haley,  T.  J.,  and  Harris,  D.  H.  (1949).  J.  Pharmacol.,  95,  293. 
Halpern,  11.  N.  (1942).  Arch.  int.  Pharmacodyn,  68,  889. 

Halpern,  B.  N.  (1947).  J.  Allergy,  18,  208. 

Halpern,  II.  N.  (1947).  Arch.  int.  Pharmacodyn,  74,  814. 

♦Halpern,  H.  N.  (1949).  Bidl.  N.Y.  .lead.  Med.,  25,  323. 

Harley,  D.  (1940).  Lancet,  ii,  158. 

Herxheimer,  H.  (1949).  Proc.  R.  Soc.  Med.,  42,  028. 

Herxiieimer,  H.  (1949).  Brit.  med.  J.,  ii,  901. 

Hewer,  A.  .1.  II.,  and  Keele,  C.  A.  (1948).  Lancet,  ii,  083. 

Hunter,  R.  R.  (1947).  Lancet,  i,  672. 

Hunter,  K.  R.,  and  Dunlop,  D.  M.  (1948).  I.ancet,  i,  474. 

♦Hunter,  R.  R.,  and  Dunlop,  D.  M.  (1948).  Quart.  J.  Med.,  17,  271. 
Hunter,  R.  R„  and  Hill,  A.  G.  S.  (1947).  Lancet,  ii,  888. 

Jaques,  L.  R.,  and  Waters,  PJ.  T.  (1940).  Arner.  J.  Physiol.,  129,  889. 
Jaros,  S.  H.  (1949).  Ann.  Allergy,  7,  400. 

Jaros,  S.  II.,  Castillo,  .1.  C.,  and  De  Reer,  E.  .1.  (1949).  Arm 
Allergy,  7,  458. 

Katz,  G.  (1942).  Proc.  Soc.  exp.  Biol.  N.Y.,  49,  272. 

Kellavvay,  C.  ii.,  and  Tretiiewie,  PJ.  R.  (1940).  Quart.  J.  exv 
Physiol.,  30,  121. 


Landau,  S.  W.,  AIarriot,  II.  J.  L.,  and  Gay,  L.  N.  (1948).  Bull 
Johns  Hopkins  Hosp.,  83,  843.  ^ 

Last,  AI.  R.,  and  Loew,  E.  R.  (1947).  J.  Pharmacol.,  89,  81 
Lehmann,  G.  (1948).  J.  Pharmacol.,  92,  249. 

Lehalvnn,  G.,  Randall,  L.  O.,  and  Hagan,  E.  (1949).  Arch,  int 
Pharmacodyn,  78,  253.  • 

Levy,  L  and  Seabury,  J.  H.  (1947).  J.  Allergy,  18,  244. 

LF.WIS,  r.  (1927)  The  Rlood  Vessels  of  the  human  skin  and  their 
responses.  Shaw  and  Sons  Ltd.,  London 
Lewis,  T.  (1942).  “Pain,”  Alacinillan,  London. 

Litchfield,  J  T.,  Adams,  AI.  R.,  Goddard,  L.,  Jaeger,  AI  S  and 
Alonso,  L.  (1947).  Bull.  Johns  Hopkirrs  Hosp.,  81  55  ’ 

♦Loew,  E.  R.  (1947).  Physiol.  Rev.,  27,  542.  ^  ’ 

83,^i’20.”  Moore,  V.  (1945).  J.  Pharmacol., 


84 


AXTI-IIISTAMINE  DRUGS 


Benacerhaf,  B.,  and  Fischel,  E.  E.  (1940).  Proc.  Sac.  exp.  liiol. 
A'.y.,  71,  849. 

Best,  C.  II.,  Dale,  II.  II.,  Dudley,  II.  W.,  and  Thoiu’E,  W.  V. 

(1926-27).  J.  Physiol,  62,  397. 

Bignall,  J.  R.,  and  Choftdn,  J.  (1949).  Brit.  rncd.  J.,  i,  13. 
Blanton,  W.  B.,  and  Owens,  INI.  E.  B.  (1947).  J.  Amer.  mcd.  Ass., 
134,  4.54. 

*Bovet,  D.,  and  Bovet-Xitti,  F.  (1948).  Medicaments  da  Systeme 
Xervetix  VegAatif,  Karger,  Basle. 

Bovet,  D.,  Hohci.ois,  R.,  and  Wai.thert,  F.  (1944).  C.It.  Soc. 
Biol  Paris,  138,  99. 

Bovet,  D.,  and  Staur,  A.  M.  (1937).  C.Ii.  Soc.  Biol.  Paris,  124,  547. 
Brewster,  J.  M.  (1949).  U.S.  Naval  rned.  Ball.,  49,  1. 

Britton,  C.  J.  C.  (1947).  Lancet,  ii,  870. 

Brown,  W.  M.  C.,  and  Hunter,  R.  B.  (1948).  Brit.  mcd.  J.,  ii,  984. 
Carliner,  P.  E.,  R  ADM  an,  II.  M.,  and  Gay,  L.  N.  (1949).  Science, 

110  215. 

Castillo,  J.  C.,  De  Beer,  E.  J.,  and  Jaros,  S.  II.  (1949).  J.  Pharma¬ 
col,  96,  388. 

Code,  C.  F.  (1939).  Arncr.  J.  Physiol,  127,  78. 

Craig,  J.,  Clark,  N.  S.,  and  Chalmers,  J.  D.  (1949).  Brit.  mcd.  J., 
i,  6. 

Curry,  J.  J.  (1946).  J.  din.  Invest.,  25,  785  and  792. 

Curry,  J.  J.  (1947).  J.  din.  Invesl,  26,  430. 

♦Dale,  H.  H.  (1948).  Bril  mcd.  J.,  ii,  281. 

Dale,  H.  II.,  and  Laidlaw,  P.  P.  (1910  11).  J.  Physiol,  41,  318. 
Dews,  P.  B.,  and  Graham,  J.  D.  P.  (1946).  Bril  J.  Pharmacol,  1, 


278. 

Doran,  F.  S.  A.  (1947).  Lancet,  ii,  490. 

Dragstedt,  C.  a.  (1941).  Physiol  Bev..  21,  563. 

Dragstedt,  C.  a.,  and  Gebauer-Fuelnegg,  E.  (1932).  Amcr.  J. 

UKArsTCDT,'’c*A.;’an<l  Mkad,  K.  H.  {1»3«).  J-  Pli"nnncol.,  57  410. 
Edlbacher,  S.,  Jucker,  P.,  and  Baur,  II.  (1937).  Z.  /.  1  hysio  . 

Chem.,  247,  63.  ^  r  4  n  o- 

Ellis,  F.  a.,  and  Bundick,  W.  R.  (1949).  J.  invest.  Derm.,  13,  -.j. 

Emmelin,  N.,  and  Feldberg,  W.  (1947).  J.  Physiol,  106,  440. 
Epstein,  E.  (1947).  J.  Amer.  med.  Ass.,  134,  782. 

♦Feinberg,  S.  M.  (1946).  J.  Amcr.  med.  ylss.,  132,  702. 

♦Feinberg,  S.  M.  (1947).  Amer.  J.  Mcd.,  3,  560. 

Feinberg,  S.  M.,  and  Bernstein,  T.  B.  (1947).  J.  Amcr.  med.  • 

l.-EiNSTo’NFrW.  II.,  WILUAALS,  U.  and  liu.iiN,  B.  (1940).  I‘roc. 

Soc.  exp.  Biol,  N.y.  63,  iri8. 

FEUinERO,  W.,  and  K,.:li,away,  C.  H.  (19.18-9).  J.  rinj^ol..  94,  187. 
Frank,  R.  (1948).  Ann.  Allergy,  6,  398. 

Friedlaender,  S.,  Feinberg,  S.  M.,  and  Leinberg,  A.  R.  (1917). 
,/.  Lab.  din.  Mcd.,  32,  4<. 


85 


REFERENCES 


Krikdlaknder,  S.,  Fkinberg,  S.  M.,  and  Frinbeho,  A.  H.  (1940). 
Pror.  Soc.  exp.  liiol.  N.Y.,  62,  65. 

*(;ai)1)UM,  J.  II.  (1948).  lirif.  med.  J.,  i,  807. 

(iAY,  L.  N.,  and  Carlinkr,  P.  E.  (1949).  IJulL  Johns  Hopkins  Hosp., 
84,  470. 

(iAY,  L.  N.,  Landau,  S.  W.,  Carmneh,  P.  P>.,  Davidson,  N.  S., 
Fi’rstenbero,  F.  F.,  Herman,  N.  H.,  Nei.son,  W.  II.,  Parsons, 
■  .1.  W.,  and  WiNKENWERDER,  W.  W.  (1948).  Ihdl.  Johns  Hopkins 

Hosp.,  83,  850. 

(iEBAUER-FuELNEGG,  E.,  and  Drag.stedt,  C.  a.  (1982).  Arner.  J. 


Physiol.,  102,  520. 

Glazko,  a.  j.,  and  Dii.i.,  W.  A.  (1949).  J.  biol.  Chern.,  179,  417. 
Glazko,  a.  .1.,  McGinty,  D.  A.,  Dill,  W.  .A.,  Wilson,  M.  L.,  and 
Ward,  C.  S.  (1949).  J.  biol.  Chem.,  179,  409. 

Haley,  T.  J.,  and  Harris,  D.  H.  (1949).  J.  Pharmacol.,  95,  298. 
Halpern,  H.  N.  (1942).  Arch.  int.  Pharmacodyn,  68,  889. 

Halpern,  B.  N.  (1947).  J.  Allergy,  18,  208. 

Halpern,  B.  N.  (1947).  Arch.  int.  Pharmacodyn,  74,  814. 

*Halpern,  B.  N.  (1949).  Bull.  N.Y.  Acad.  Med.,  25,  828. 

Harley,  D.  (1940).  Lancet,  ii,  158. 

Hkrxheimer,  1 1.  (1949).  Proc.  It.  Soc.  Med.,  42,  628. 

Herxiieimer,  H.  (1949).  Brit.  med.  J.,  ii,  901. 

Hewer,  A.  J,  H.,  and  Keele,  C.  A.  (1948).  Lancet,  ii,  088. 

Hunter,  R.  B.  (1947).  Lancet,  i,  672. 

Hunter,  R.  B.,  and  Dunlop,  D.  M.  (1948).  Lancet,  i,  474. 

♦Hunter,  R.  B.,  and  Dunlop,  D.  M.  (1948).  Quart.  J.  Med.,  17,  271. 
Hunter,  R.  B.,  and  Hill,  A.  G.  S.  (1947).  Lancet,  ii,  888. 

Jaques,  L.  B.,  and  Waters,  FL  T.  (1940).  Amer.  J.  Physiol.,  129,  889. 
Jaros,  S.  ii.  (1949).  Ann.  Allergy,  7,  400. 

Jaros,  S.  ii.,  Castillo,  J.  C.,  and  De  Beer,  F:.  .1.  (1949).  Ann 
Allergy,  7,  458. 

Katz,  G.  (1942).  Proc.  Soc.  exp.  Biol.  N.Y.,  49,  272. 

Kellaway,  C.  ii.,  and  Tretiiewie,  E.  R.  (1940).  Quart.  J.  exp. 
Physiol.,  30,  121.  * 


Jinll. 


Landau,  S.  W.,  Marriot,  II.  J.  L.,  and  Gay,  L.  X, 

Johns  Hopkins  Hosp.,  83,  848. 

Last,  M.  R  and  Loew,  E.  R.  (1947).  J.  Pharmacol.,  89,  81. 
Lehmann,  G.  (1948).  J.  Pharmacol.,  92,  249. 

Lehmann,  G.,  Randall,  L.  O.,  and  Hagan,  E.  (1949).  Arch  int 
Pharmacodyn,  78,  258.  '  '  ' 

Levy,  L  and  Seabury,  J.  H.  (1947).  J.  Allergy,  18,  244. 

Lewis,  F.  (1927)  Tlie  Blood  Vessels  of  the  human  skin  and  their 
responses.  Shaw  and  Sons  Ltd.,  London 
Lewis,  T.  (1942).  “Pain,”  Macmillan,  London. 

Litchfield,  J  T.,  Adams,  M.  R.,  Goddard,  L.,  Jaeger  M  S  and 
Alonso,  L.  (1947).  Bull.  Johns  Hopkins  Hosp.,  81  55  ’ 

♦Loew,  E.  R.  (1947).  Physiol.  Rev.,  27  ^2  ^  ’ 

(19«).  J.  Pharmacol, 


86 


A  NT  I -II I  ST  A  MINE  DU  UGS 


Loew,  E.  H.,  and  Micetich,  A.  (1948).  J.  Pharmacol.,  94,  339. 
♦Loveless,  M.  H.,  and  Dwouin,  M.  (1949).  Pull.  S'.Y.  Acad.  Med., 
25,  473. 

MACGREGOR,  A.  G.,  and  Wood,  D.  R.  (1949).  Prit.J.  Pharmacol.,  4, 
216. 


Macht,  M.  B.,  Bader,  M.  E.,  and  Mead,  J.  (1949).  J.  cliu.  Itivesi., 
28,  564. 

Mayer,  U.  L.,  IIuttrer,  C.  P.  and  Scholz,  ('.  R.  (1945).  Science, 
102,  93. 

McEvedy,  M.  B.  (1949).  Lancet,  i,  825. 

McGavack,  T.  II.,  Drekter,  I.  J.,  Sciiutzer,  S.,  and  IIeisi.er,  A. 
(1948).  J.  Allergy,  19,  251. 

Meier,  R.,  and  Bucher,  K.  (1946).  Sclmeiz.  med.  Wschr.,  76,  294. 
Paton,  W.  D.  M.,  Fulton,  F.,  and  Andrewes,  C.  II.  (1949).  Lancet, 
i,  935. 

Perlman,  E,  (1949).  J.  Pharmacol.,  95,  465. 

Perry,  I).  J.,  and  IIearin,  I).  L.  (1949).  .7.  invest.  Derm.,  13,  29. 
Reinard,  j.  F.,  and  Scudi,  J.  V.  (1947).  Proc.  Soc.  e.rp.  Pwl.  N.Y., 


66,  512. 

Reuse,  J.  J.  (1948).  Prit.  J.  Pharmacol.,  3,  174. 

Rives,  11.  F.,  Ward,  B.  B.,  and  Hicks,  M.  L.  (1949).  J.  Amer.  med. 
Ass.,  140,  1022. 


Rose,  B.,  (1947).  .imer.  J.  Med.,  3,  545. 

Rothman,  S.  (1941).  Physiol.  Rev.,  21,  357. 

Rust,  S.  M.,  and  Fosbery,  F.  W.  A.  (1949).  Prit.  med.  J.,  ii,  98. 

Ryan,  G.  M.  S.,  and  Wood,  J.  S.  (1949).  Lancet,  i,  258. 

ScHiLD,  II.  O.  (1939).  J.  Physiol.,  95,  393. 

ScHiLD,  II.  ().  (1947).  Prit.  J.  Pharmacol.,  2,  189. 

SouTHWEix,  N.  (1948).  Prit.  med.  J.,  i,  877. 

Staub,  a.  M.  (1939).  Ann.  Inst.  Pasteur,  63,  400. 

Stone,  C.  A.,  and  Loew,  E.  R.  (1948).  J.  Pharmacol.,  94,  350. 
Strauss,  W.  T.  (1949).  J.  Amer.  med.  H.s.s.,  140,  603. 

Strickland,  A.  S.,  and  Hahn,  G.  L.  (1949).  Science,  109,  3;>9. 

Tobias,  M.  (1949).  Prit.  med  J.,  '\\,  'tm8.  ^,,>0  »•  / 

Ungar,  G.,  Parrot,  J.  L.,  and  Bovet,  D.  (1937).  C .R.  Soc.  Piol. 


Paris,  124,  445. 

Wakim,  K.  (L,  Peters,  G.  A.,  Terrier, 
(1949).  J.  Lah.  din.  Med.,  34,  380. 
Weiss,  S.,  Robb,  G.  P.,  and  Ei-lis,  L.  B. 
49,  360. 

Wood,  I).  R.  (1948).  Prit.  J.  Pharmacol., 


J,  €.,  and  Horton,  B.  T, 
(1932).  Arch,  intern.  Med., 


3,  231. 


CHAPTER  4 


SENSITIZATION  TO  DRUGS 
(DRUG  ALLERGY) 


The  toxic  effects  which  may  arise  during  therapeutic  administra¬ 
tion  of  drugs  are  of  two  main  types  : — ■ 

(1)  Those  due  to  overdosage.  This  is  most  liable  to  occur  with 
cumulative  drugs  like  digitalis,  or  w'ith  drugs  such  as  salicylates 
when  given  in  large  doses  in  the  treatment  of  rheumatic  fever. 

It  should  be  emphasized  that  the  toxic  dose  varies  considerably 
among  different  individuals,  a  point  which  is  fully  discussed  in 
Chap,  17  where  the  relation  between  the  dose  of  sodium  salicylate 
and  the  appearance  of  signs  of  salicylism  is  discussed.  Some 
patients  showed  signs  of  toxicity  with  very  small,  sub-therapeutic 
doses.  Such  individuals  might  be  described  as  hypersensitive,  but 
it  must  be  stressed  that  the  hypersensitivity  so  revealed  relates  to 
the  development  of  symptoms  identical  with  those  which  would 
occur  in  every  subject  who  received  a  large  enough  dose. 

(2)  Those  due  to  abnormal  reactions,  quite  distinct  from  the 
usual  pharmacological  or  toxicological  effects  of  a  drug.  Such 
reactions  have  been  described  as  “drug  idiosyncrasy'^  or  “dn/g 
allergy,"  and  since  the  characteristic  responses  may  frequently  be 
elicited  by  very  small  doses  of  the  drugs,  the  phrase  “drug  hyper¬ 
sensitivity"  has  also  been  used,  but  clearly  in  a  different  sense  from 
that  described  m  the  previous  paragraph.  It  is  these  abnormal 

patterns  of  response  with  which  we  shall  be  concerned  in  this 
chapter. 


Hiaractenstically  these  reactions  are  not  produced  on  initial 
adninnstration  of  drugs,  but  o.dy  appear  after  wl.at  .night  be 

w'or  the  words  “se.titiza- 

X  word  ‘Ml  >^“01.  responses 

“a  nh  I  "“'■oduced  by  Von  Pir,,uet  to  describe 

react  o,rwb,vr7^  sensit.zatio,. 

usef.,1  r,  of  response  to  the  adininistratio,.  of  such 

drugs  as  penicillin,  siilphonaniides,  triilione,  and  the  anti- 
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thyroid  substances,  may  be  so  severe  as  to  contra-indicate  their 
therapeutic  use.  It  is  an  interesting  fact  that  many  of  the  signs  of 
drug  sensitization  such  as  fever,  leucocytosis,  arthralgia,  lympha- 
denopathy  and  skin  raslies,  occur  also  in  some  infective  processes 
and  in  serum  sickness,  in  both  of  which  allergic  tissue  reactions 
to  bacterial  and  foreign  proteins  respectively  are  probably  in¬ 
volved.  It  is  important  to  realize  that  drugs  of  quite  different 
chemical  constitution,  and  with  quite  different  {)harmacological 
actions,  may  produce  identical  pictures  of  sensitization. 

^  The  subject  of  drug  allergy  has  been  very  fully  reviewed  in 
relation  to  skin  manifestations  by  Sulzberger  (1940)  and  by 
Beerman  (1949),  and  the  more  general  aspects  have  been  discussed 
by  Rackeniann  (1941),  by  Longcope  (1943)  and  recently  by 
Sherman  (1947  ;  1949).  It  has  been  pointed  out  by  these  authors 
that  drugs  such  as  adrenaline,  caffeine  and  cascara  sagrada  have 
never  been  showm  to  cause  this  type  of  sensitization,  whereas 
at  the  other  extreme  is  phenylethylhydantoin  (nirvanol)  which 
when  given  in  the  treatment  of  chorea  was  found  to  produce  signs 
of  sensitization  in  over  90  per  cent  of  patients.  The  characteristic 
features  of  allergic  drug  reactions  are  : — 

(1)  The  reactions  which  occur  are  entirely  dill'erent  from  the 
ordinary  pharmacological  effects,  and  there  is  usually  an  incubation 
period  of  5-14  days  after  first  exposure  to  the  drug. 

(2)  The  symptoms  and  signs  are  frequently  typical  of  allergic 
diseases,  e.g.  asthma,  rhinitis,  skin  eruptions  and  fever. 

(3)  The  symptoms  and  signs  can  be  reproduced  on  subsequent 
administration  of  the  drug,  sometimes  with  very  small  doses. 

(4)  In  certain  reactions  in  the  skin,  e.g.  contact  dermatitis,  a 
positive  patch  test  response  is  obtained  after  24-48  hours.  In  most 
other  cutaneous  drug  allergic  reactions,  skin  tests  are  negative. 

(5)  The  reaction  is  usually  specific,  i.e.  restricted  to  one  drug 
or  to  a  small  number  of  closely  related  chemical  compounds. 

(6)  There  are  usually  no  demonstrable  serum  antibodies 
towards  the  drug,  but  the  work  of  Landsteiner  and  Chase 
(1942)  has  suggested  that  antibodies  are  present  in  cells  such  as 
Ivmjihocytes. 

(7)  Rich  (1942)  has  described  vascular  changes  of  the  peri¬ 
arteritis  nodosa  type  as  characteristic  of  drug  and  other  allergies, 
but  other  authors  consider  that  there  is  no  constant  histological 
picture  peculiar  to  allergic  reactions. 
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Other  reactions  to  drugs  which  are  sometimes  described  as 
allergic  include  the  production  of  hepatitis  by  cinchophen, 
arsphenamines,  or  svdphonamides,  the  occurrence  of  agranulo¬ 
cytosis  with  amidopyrine,  sulphonamides,  arsphenamines, 
thiouracil,  gold  salts  and  tridione,  and  the  occasional  development 
of  thromhocytopamic  purpura  with  “Sedormid”  (allylisopropyl- 
acetylurea).  These  reactions  will  not  be  further  discussed  here. 


Symptoms  and  Signs  of  Drug  Allergy 

Asthma  and  Rhinitis.  In  contrast  to  most  other  types  of  drug 
allergy,  asthma  and  rhinitis  usually  occur  in  persons  with 
hereditary  predisposition  to  allergy.  Drugs  which  may  produce 
these  reactions  include  aspirin  (acetylsalicylic  acid),  (juinine, 
sulphonamides,  the  arsphenamines  and  penicillin.  The  asthmatic 
and  urticarial  reactions  due  to  aspirin  have  even  been  reported  as 
a  result  of  holding  a  tablet  in  the  mouth  for  a  few  seconds,  and 
death  has  resulted  from  oral  administration  of  5-10  grains  of  this 
drug  (l)ysart.  1933). 

Urticaria  and  Angioneurotic  Oedema,  so  commonly  seen  as 
manifestations  of  allergic  sensitivity  to  proteins,  may  also  occur 
as  the  result  of  sensitization  to  drugs  such  as  salicylates,  barbi¬ 
turates,  sulphonamides  and  penicillin.  The  Serum  Sickness  type 
of  reaction,  most  typically  produced  by  injection  of  foreign  sera, 
can  also  occur  after  the  administration  of  drugs.  For  example, 
penicillin  may  produce  fever,  skin  rashes  (most  frequently 
urticarial),  lymphadenopathy,  arthralgia  and  effusions  into  joints. 
These  reactions  may  occur  with  amorphous  or  with  crystalline 
penicillin,  and  appear  after  an  incubation  period  of  5-14  days, 
as  with  serum  sickness. 


Drug  Rashes.  Skin  eruptions  are  the  commonest,  or  at  least 
the  most  frecjuently  recognized  manifestations  of  drug  allergy. 
Almost  all  types  of  skin  lesion  may  be  produced,  and  any  one  drug 
may  produce  different  types  of  eruption  in  different  persons.  I'lie 
commonest  allergic  eruptions  are  the  urticarial  and  maculopai^ular 
types  produced  by  systemic  administration  of  salicvlates,  ciuinine 
barbiturates,  mepacrine,  thiouracil,  sulphonamides;  penicillin  and 
Arcptomycin.  Less  usual  forms  include  erythema  multiforme  and 
erythema  nodosum,  the  latter  of  which  appears  not  onlv  in 

nranifertnT  ''f  1’’'^  sulphathiazole,  but  also  as  a 

manifestation  of  rheumatic  or  tuberculous  states.  A  rare  but 
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interesting  sensitization  reaetion  is  the  so-ealled  “fixed  drug 
eruption”  whieli  has  been  fully  diseussed  by  Sulzberger  (1940). 
It  is  seen  following  systemie  administration  of  eertain  drugs,  e.g. 
phenolphthalein,  phenazone,  amidopyrine,  barbiturates,  the 
arsphenamines  and  sulphonamides,  and  is  eharaeterized  by  the 
rapid  development  of  one  or  more  sharply  eireumseribed  inflam¬ 
matory  lesions  on  the  skin  or  mueous  membranes,  as  an  invariable 
response  to  the  administration  of  the  offending  drug. 

Contact  Dermatitis.  Loeal  application  of  substances  to  the  skin 
may  produce  sensitization  with  the  development  of  an  eczematous 
type  of  eruption,  first  at  the  site  of  application,  with  perhaps 
subsec juent  spread  to  the  skin  in  other  parts  of  the  body.  The 
lesion  is  primarily  located  in  the  epidermis  and  consists  of 
spongiosis  and  intraepidermal  vesiculation  ;  the  vesicles  later 
rupture  to  produce  oozing  and  dried  exudate.  In  sensitized 
individuals  application  of  the  specific  offending  substance,  as  in 
the  patch  test,  produces  the  typical  eczematous  reaetion  in  24-48 
hours. 

The  develoijment  of  this  type  of  sensitivity  has  been  much 
studied  in  human  and  in  animal  skin  (guinea  pigs).  I  he  substance 


2  :  4-dinitrochlorobenzene  has  been  used  as  the  sensitizing  agent 
by  Wedroff  and  Dolgoff  (1985),  Landsteiner  and  Jacobs  (1935)  and 
Sulzberger  and  Baer  (1938).  In  normal  human  skin  application 
of  a  drop  of  10  per  cent  solution  of  dinitroehlorobenzene  produces 
at  most  a  slight  erythema  at  the  end  ol  48  hours,  but  after  5-20 
days  in  many  persons  there  ajipears  what  is  described  as  a 
“spontaneous  fiare-up,”  i.e.  the  site  of  original  application  shows 
a  typical  acute  eczematous  eruption.  This  reaction  is  attributed 
to  the  action  of  residual  dinitroehlorobenzene  at  the  original  site 
of  application,  after  an  incubation  period  for  the  development  of 
the  sensitized  state.  After  the  “fiare-up”  it  is  found  that  the  skin 
of  the  whole  body  has  become  sensitive  and  responds  speeifieally 
to  the  application  of  quite  low  concentrations  of  dmitroehloro- 
benzene.  Although  the  skin  otherwise  appears  normal,  it  may 
remain  in  a  liotentially  hypersensitive  state  for  many  years. 

Many  drugs  have  also  been  shown  to  be  capaWe  ot  producing 
this  type  of  reaetion  when  apifiied  directly  to  the  skin.  is  or 
example  sometimes  seen  when  penicillin  or  sulphonamides,  more 
particularly  the  latter,  are  used  in  the  treatment  ol  skin  diseases 
I,r  «,,e.i  woutkIs.  Sulzberger  et  nl.  (llM-7)  ap|)be<l  sulpho..anu<les 
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ill  cream  for  12— l-f  clays  to  tlie  skin  ot  254  subjects  in  whom 
experimental  burns  had  beem  produced,  and  oliservc'd  dermatitis 
in  49  (19  per  cent).  The  incidence  of  sensitization  was  proportional 
to  the  water  solubility  of  the  compound  ;  sodium  sulphadiazine 
gave  the  highest  figure  of  57  per  cent,  sulphanilamide=:22  jier  cent, 
sulphathiazole  =  7  per  cent  and  sulphadiazine  =  5  })cr  cent. 
Streptomycin  has  also  been  found  to  produce  contact  dermatitis  in 
nurses  engaged  in  the  preparation  and  administration  of  solutions 
of  this  substance  (e.g.  Strauss  and  Warring,  1947).  Interesting 
recent  illustrations  of  the  possibilities  of  chemical  sensitization 
include  reports  by  Cotter  (1946)  and  Cohen  (1949)  of  the  develop¬ 
ment  of  skin  and  other  types  of  allergic  sensitization  in  women 
after  the  use  of  thioglycollic  acid  in  tlie  “Cold  Wave”  process  of 
hair  curling  ;  the  occurrence  of  skin  sensitization  after  repeated 
applications  of  Cetrimide  (cetyltrimethylammonium  bromide) 
(Cruickshank  and  Squire,  1949)  and  the  development  of  allergic 
dermatitis  after  topical  use  of  antiseptic  organic  mercurial  com¬ 
pounds,  e.g.  thiomersalatc  (Gaul  and  Underwood,  1949). 

It  should  be  emphasized  that  in  some  persons  systemic  ad¬ 
ministration  of  drugs  may  lead  to  sensitization  of  the  contact 
dermatitis  type,  and  on  the  other  hand  topical  ajjplication  may 
produce  sensitization  which  can  be  elicited  by  oral  administration 
of  the  drug,  and  may  include  constitutional  reactions  such  as 


fever. 

JJiug  hevcT.  hebrile  reactions  have  been  clearly  recognized  as 
an  allergic  response  to  many  drugs  such  as  iodides,  nirvanol, 
thiouracil,  mepacrine,  sulphonamides,  jjenicillin  and  strejitomycin. 
Ihe  temperature  may  rise  to  high  levels,  e.g.  1()5°F.,  and  the 
xever  is  frequently  accompanied  by  maculopapular  skin  rashes 
Ihe  reaction  usually  develojis  after  7-10  days  of  drug  administra¬ 
tion,  but  it  a  particular  drug  has  been  given  previously  sensitization 
may  already  be  present,  and  drug  fever  may  then  follow  the  first 
doses  of  the  drug,  as  has  been  frecpientiy  reported  with  the 
sulphonamides.  It  is  important  to  appreciate  the  possibility 
that  a  sharp  rise  m  temperature  may  be  due  to  drugs,  as  continued 

resu  ts.  Deaths  },ave  been  reported  followinf,  such  reactions  witl, 
siilplionanmles,  especially  sulphathiazole.  and  neeropsv  has  re- 

’■'■'"'"’''’'‘"K  periarteritis  nodo'sa  (liich 
1M2)  as  well  as  local  necroses  of  niyoeardiun,,  liver,  bone  marrow! 
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S{)leen,  lymph  nodes,  kidneys  and  other  organs  (Simon,  1943  ; 
More  et  al.,  1946  ;  French,  1946).  Similar  lesions  have  resulted 
from  sensitization  to  iodine,  thiourea  and  thiouracil. 

Specificity  of  Sensitization  Reactions 

It  is  obviously  important  to  know  whether,  or  to  what  degree, 
sensitization  reactions  to  drugs  are  restricted  to  the  drug  originally 
concerned  with  the  allergic  response.  Among  the  sulphonamides, 
some  patients  sensitized  to  one  drug  have  not  reacted  to  other 
members  of  this  group  (Dowling  et  al.  1941),  other  patients  have 
reacted  to  sulphadiazine,  sidphathiazole  and  sulphapyridine.  but 
not  to  the  parent  substance,  sulphanilamide  (Sherman  and  Cooke, 
1947).  Others  have  shown  sensitivity  to  all  members  of  the  sul- 
phonamide  group,  and  indeed  in  some  instances  the  sensitization 
has  extended  to  other  p-aminobenzene  compounds  such  as  sul- 
phanilic  acid,  p-aminobenzoic  acid  and  procaine  (Sulzberger  et  al. 
1947  ;  Park,  1944).  In  spite  of  this  evidence  of  cross-sensitization, 
it  is  generally  agreed  that  the  allergic  responses  are  greatest  in 
response  to  the  original  sensitizing  drug  ;  for  example  Dowling 
et  al.  (1946)  observed  reactions  in  69  per  cent  of  sensitized  subjects 
when  the  original  drug  was  rcadministered,  and  in  only  17  per 
cent  when  some  other  sulphonamide  was  given.  These  latter 
findings  are  in  agreement  with  the  ex])erimental  work  of  Wedum 
(1942)  who  sensitized  guinea  pigs  and  rabbits  to  sulphonamide 
azoproteins.  In  guinea  pigs,  tests  for  skin  sensitization  and  tor 
lethal  anaphylactic  shock,  and  in  rabbits,  tests  for  serum  preci- 
pitins,  all  showed  the  close  immunological  relation  between  the 
different  sulphonamides,  but  in  each  test  the  sulphonamide 
azoprotcin  to  which  sensitization  had  been  originally  produced 

gave  the  most  marked  response.  i  • 

Variations  in  spccitieity  of  response  have  been  described  m 
relation  to  other  drugs  jiroducing  sensitization.  For  instance, 
Goodman  (1939)  found  in  a  patient  with  procaine  dermati  is, 
that  sensitization  existed  towards  compounds  containing  t  le 

_ y  \ _ COO-group,  but  not  towards  cocaine,  or  quinoline 

compou.uls  swcl,  as  ciacl.ocaino,  OtI.er  «a,nples  of  ‘  W’ 
sensitization  incliule  the  „l)servations  of  Dawson  and  (.ai bade 
(t93())  who,  in  a  ([uinine  sensitive  person,  noted  ° 

related  laivo-rotatory  coinpoiinds,  but  none  towards  t 
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])oiKling  dextro-isomers  ;  sensitivity  towards  arsphenamine 
usually""  extends  only  towards  other  organic  trivalent  arsenical 
compounds,  but  sometimes  also  towards  organic  pentavalent 
arsenicals  (Epstein,  1937). 

In  other  cases  specificity  of  response  is  remarkably  restricted. 
Cooke  (1919)  observed  in  aspirin  sensitive  patients  no  resj)onses 
to  salicylic  acid,  benzoic  acid  or  mcthylsalieylate,  and  Horsfall 
(1934)  found  that  a  patient  extremely  sensitive  to  formaldehyde, 
gave  no  reactions  to  other  aldehydes  or  to  formic  acid  or  methyl 
alcohol.  Rostenberg  and  Kanof  (1945)  studied  the  skin  responses 
in  persons  experimentally  sensitized  to  2  :  4-dinitrochlorobenzene, 
towards  a  number  of  isomers  and  closely  related  compounds.  The 
corresponding  bromo-  and  iodo-compounds  reacted  like  the 
chloro-  compound,  and  the  2  :  5-  and  3  :  4-dinitro-compounds 
were  the  most  active  isomers.  There  was  very  little  response  to 
2  :  4  dinitro-amino-benzene. 


Factors  Influencing  Development  of  Drug  Sensitization 

Individual  Variation.  It  is  clear  that  there  must  be  considerable 
individual  differences  in  susceptibility  to  account  for  the  occur¬ 
rence  of  allergic  responses  in  only  about  10  per  cent  of  patients 
who  receive  drugs  such  as  the  svdphonamides,  and  thiouracil  and 
its  derivatives,  in  full  therapeutic  doses.  The  mode  of  administra¬ 
tion,  the  dosage  of  drug,  and  the  presence  of  certain  local  lesions 
may  be  contributing  factors  in  some  cases,  but  the  experimental 
human  studies  of  Landsteiner  et  al.  (1939)  have  revealed  inherent 
differences  in  susceptibility  of  the  skin  towards  sensitization  by 
])-nitrosodimethylaniline  (A)  and  by  2  :  4  dinitrochlorobenzene 
(B).  The  results  were  as  follows  : — 


50  of  82  persons  were  sensitized  to  A  or  B  or  both. 
21  persons  were  equally  sensitized  to  A  and  B. 

20  persons  were  sensitized  to  B  more  than  to  A. 

9  persons  were  sensitized  to  A  more  than  to  B. 


In  some  subjects  high  susceptibility  towards  one  compound 
was  associated  with  little  or  no  response  to  the  other  These 
results  are  particularly  interesting,  since  it  is  most  improbable 
that  any  of  the  persons  studied  had  been  previously  exposed  to 
hese  particular,  or  other  closely  related,  compounds,  so  the 
sensitizing  capacity  was  being  tested  on  a  virgin  field. 
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Dt  ug  Dosage.  It  has  sometimes  been  assumed  tliat  there  is  no 
relation  between  drug  dosage  and  liability  to  sensitization,  but 
this  view  has  recently  been  challenged  by  Lehr  (1948)  who  has 
studied  the  subject  in  relation  to  the  sulphonamides.  From 
figures  obtained  Irom  the  literature  he  has  shown  that  increasing 
dosage  leads  to  greater  frequency  of  sensitization  reactions  ;  for 
example,  in  the  case  of  sidphathiazole  2-4  G.  daily  for  3-15 
days  produced  no  cases  of  drug  rash  or  fever  in  3,584  patients  ; 
6  G.  daily  for  3—10  days  produced  over  6.4  per  cent  of  reactions 
in  2,475  eases,  and  6-10  G.  daily  produced  more  than  10  per 
cent  of  such  reactions.  Similar  differences  were  noted  with  in¬ 
creasing  doses  of  sulphanilamide  and  sulphadiazine.  Lehr  suggests 
that  sensitization  is  most  unlikelv  to  occur  with  dosage  of  less  than 
2  G.  of  sulphonamide  daily  (with  blood  levels  of  less  than  5  mg./ 
100  ml.).  He  has  also  reported  some  preliminary  clinical 
experiences  in  which  he  has  administered  mixtures  of  2  or  3 
sulphonamides  (e.g.  sulphadiazine,  sidphathiazole  and  sulpha- 
merazine)  so  that  not  more  than  2  G.  daily  of  any  individual 
drug  were  given.  Lehr’s  results  suggest  that  such  mixtures  not 
oidy  reduce  the  liability  to  crystal  formation  in  the  urinary  tract, 
but  also  diminish  the  tendency  to  develop  drug  sensitization.  He 
ipiotes  evidence  which  suggests  that  the  principal  toxic  effects  of 
the  thiouraeil  compounds  are  also  related  to  dosage,  since  the 
smaller  doses  of  methyl-  and  propyl  thiouraeil  (50-200  mg.  daily) 
now  used,  lead  to  fewer  allergic  side  effects  than  were  noted 
formerly  with  doses  of  thiouraeil  up  to  1  G.  daily. 

Duration  of  Drug  Sensitization 

In  some  cases  it  has  been  clearly  established  that  sensitization 
to  drugs  can  persist  for  many  years,  but  in  other  cases  the  hyper¬ 
sensitivity  may  fluctuate  or  perhaps  last  only  a  few  months. 
Indeed  in  the  case  of  penicillin,  Hopkins  and  Lawrence  (1947) 
found  that  of  27  subjects  who  gave  positive  intradermal  reactions 
to  penicillin,  8  had  become  negative  within  2-12  weeks,  and  others 
have  confirmed  the  transient  nature  of  penicillin  sensitization  (to  the 
amorphous  or  crystalline  forms)  in  the  therapeutic  use  of  the  drug. 


Desensitization  . 

Hy  analogy  with  other  allergic  states,  m  which  specific 

sensitization  jirocedures  arc  sometimes  strikingly  successfu 


de- 

as 
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in  hay  fever,  attempts  have  been  made  to  desensitize  patients  who 
have  developed  any  of  the  above  deseribed  signs  of  drug  allergy. 
Park  (1944)  and  Tate  and  Klorfajn  (1944)  have  reported  sueeessful 
results  in  some  patients  sensitive  to  sulphonamides,  to  whom 
they  gave  initial  doses  of  0.1-0.125  G.  of  the  responsible  drug, 
and  subsequently  inereased  the  dosage  until  normal  amounts 
eould  be  tolerated.  In  some  patients  with  sulphonamide  dermatitis 
it  may  take  several  weeks  to  desensitize,  so  these  proeedures  have 
not  been  widely  employed. 

Mechanism  of  Drug  Sensitization 

The  mode  of  development  of  the  sensitized  state  to  drugs,  and 
the  manner  in  whieh  the  reaetions  are  elicited,  are  j)robably 
related  to  the  general  mechanisms  responsible  for  the  similar 
phenomena  recorded  with  foreign  and  bacterial  proteins.  It  has 
been  generally  assumed  that  only  proteins  can  act  as  antigens  and 
that  the  specificity  of  the  induced  sensitization  is  due,  in  most 
instances,  to  the  structure  of  the  molecule  as  a  whole.  Landsteiner, 
whose  extensive  work  on  antigen-antibody  reactions  has  been 
summarized  in  his  book  “The  Specificity  of  Serological  Reactions” 
(1946),  has  shown,  however,  that  whilst  a  protein  molecule  may  be 
necessary  for  the  formation  of  a  complete  antigen,  the  specificity  of 
the  induced  states  of  immunity  or  sensitization  may  be  due  to  some 
small  molecular  component,  called  a  hapten,  which  can  be  re¬ 
garded  as  the  prosthetic  group  of  an  active  protein  (see  Chap.  15). 
Ihe  hapten  is  by  itself  incapable  of  either  initiating  antibody 
formation  or  eliciting  antigen-antibody  interaetions,  but  when 
suitably  conjugated  with  proteins,  the  complex  antigen  so  formed 
can  do  both.  A  hapten  may,  however,  inhibit  serological  reactions 
such  as  precipitation,  by  combining  specifically  with  antibody 
receptors  and  thus  preventing  access  of  the  eomj)lete  antigen. 

Landsteiner  and  his  colleagues  used  artificial  conjugated  anti¬ 
gens  to  reveal  many  of  the  features  of  specific  interaction  between 
antigens  and  antibodies,  and  some  j)oints  are  of  great  interest  in 
relation  to  drug  allergy. 

If  certain  azo-dyes,  themselves  non-antigenic,  were  first  conju¬ 
gated  with  proteins,  the  conjugated  substances  eould  produce 
anaphylactic  sensitization  in  guinea  pigs,  and  in  some  instances  it 
was  shown  that  anaphylactic  shock  eould  be  elicited  specifically  not 
only  by  the  conjugate,  but  also  by  the  azo-dye  alone  (Landsteiner 
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and  Van  dcr  Scheer,  1933).  It  was  next  suggested  that  hapten- 
protein  eomplexes  analagous  to  these  azo-))roteins  might  be 
formed  in  the  body  (partieularly  in  the  skin)  by  interaetion 
between  sensitizing  agents,  aeting  as  haptens,  and  tissue  proteins. 
In  some  cases  of  experimental  sensitization,  combination  of 
simple  chemical  substances  with  body  proteins  is  highly  probable, 
k  or  example,  p-phenylenediamine,  well  known  as  a  sensitizing 
agent  in  the  production  of  fur  dermatitis,  is  readily  oxidized,  and 
the  oxidation  })roduets  combine  with  proteins  to  form  deeply 
coloured  compounds  comi)arable  to  azo-proteins  (Mayer,  1938). 
Further  support  for  such  in  vivo  formation  of  antigenic  protein 
conjugates  was  provided  by  the  studies  of  Landsteiner  and  Jacobs 
(1935)  and  Sulzberger  and  Baer  (1938)  on  skin  sensitization  in 
man  and  animals  to  chloro-  and  nitro-substituted  benzenes  ;  it 
was  found  that  with  compounds  of  this  type,  sensitizing  capacity 
was  closely  related  to  capacity  to  interact  with  the  amino  group 
in  aniline,  and  it  was  suggested  that  similar  reactions  with  free 
amino  groups  in  protein  might  form  antigenic  conjugates  ;  other 
compounds  found  capable  of  producing  sensitization  in  guinea  pigs 
included  acid  chlorides  and  acid  anhydrides,  all  of  which  combine 
readily  with  proteins.  It  is  known  that  many  drugs  which  can 
cause  sensitization,  e.g.  arsphenamines,  sulphonamides,  and 
penicillin,  combine  with  ])lasma  proteins  and  if  it  is  postulated  that 
attachment  to  tissue  proteins,  particularly  in  the  skin,  can  also 
occur,  the  complete  antigen  thus  formed  is  clearly  comparable  to 
natural  protein  antigens.  The  work  of  Landsteiner  et  al.  and  that 
of  Cell  (19-i4)  have  shown  that  sensitization  produced  by  intra- 
cutaneous  injection  in  guinea  pigs  of  compounds  such  as  picryl 
chloride  or  “tetr\  1”  (N-methyl,  N-nitroamino-2  :  4  :  6-trinitro- 
benzene)  leads  not  only  to  skin  hypersensitivity,  shown  by 
application  of  the  simple  compound  directly  to  the  skin,  but  also 
to  anaphylactic  hypersensitivity,  revealed  by  application  of  picryl 
proteins  to  the  isolated  gut  or  uterus.  The  anaphylactic  sensitivity 
is  associated  with  the  development  of  specific  antibodies,  passive 
transfer  by  serum  is  obtainable,  and  desensitization  can  be 
produced.  Contact  dermatitis  has  never  been  transferred  by  serum, 
and  it  is  impossible  to  desensitize  towards  this  reaction  by  local 
application  of  the  allergenic  compound,  though  Chase  (1946)  has 
been  able  to  inhibit  the  development  of  experimental  drug  allergy 
in  guinea  pigs  by  preliminary  feeding  of  skin  sensitizing  substances. 
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Landstciner  and  Chase  (1942)  were  able  to  transfer  skin 
sensitivity  of  the  eontaet  dermatitis  type  in  a  most  interesting  and 
ingenious"  manner.  In  guinea  pigs  sensitized  to  picryl  chloride, 
a  peritoneal  exudate  was  produced  by  intraperitoneal  injection  of 
dead  tubercle  bacilli  or  tuberculin  ;  subsequent  intraperitoneal 
injection  of  the  cellular  sediment  of  this  exudate  into  normal 
guinea  pigs  produced  the  characteristic  skin  sensitivity  to  picryl 
chloride  in  about  two  days,  and  this  sensitized  condition  persisted 
for  a  few  days.  < 

To  sum  up  the  experimental  work  on  the  development  of  contact 
dermatitis,  the  following  speculative  scheme  might  be  suggested  : — 
First,  the  sensitizing  agent  must  penetrate  the  epidermis  before 
it  can  combine  with  the  appropriate  protein  to  form  the  complete 
antigen.  The  work  of  Landsteiner  and  Chase  (19.‘i9)  suggests  that 
the  next  step  is  the  transport  of  the  complete  antigen  via  lym¬ 
phatics  to  the  regional  lymph  nodes,  where  there  is  a  delay  of 
some  days  while  antibodies  are  formed  within  the  newly  manufac¬ 
tured  lyniphocytes.  These  cells  would  then  be  distributed  via 
the  blood  stream  to  the  various  body  tissues.  Subse(|uent  applica¬ 
tion  of  the  sensitizing  substance  would  form  fresh  antigen  which 
would  then  react  with  the  antibody-containing  lymphocytes,  or 
with  antibodies  deposited  from  the  lymphocytes  in  the  skin  itself, 
to  produce  the  characteristic  inflammatory  response  in  24-48 
hours.  Other  types  of  drug  sensitization  might  involv^e  antigen 
formation  or  antibody  deposition,  or  both,  in  tissues  other  than 
the  skin. 
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CHAPTER  5 


THE  STEROIDS  OF  THE  GONADS  AND 
ADRENAL  CORTEX 


Chemistry 

The  general  structure  of  steroids  was  finally  elucidated  some 
fifteen  to  twenty  years  ago  (Fieser  and  Fieser,  1949)  and  this  made 
possible  the  rapid  advances  in  our  knowledge  of  the  steroid 
hormones  and  related  substances.  Since  the  chemistry  of  these 
substances  is  rather  confusing  it  is  useful  to  start  with  the  main 
compounds  on  which  the  structure  of  the  various  hormones  is 
based.  Selye  (1942)  discusses  their  properties  in  detail. 

All  these  compounds  can  be  deriv'ed  from  three  saturated  parent 
hydrocarbons,  namely  cestrane,  androstane  and  ictiocholane. 
Certain  alkyl  substituted  derivativ'es  of  these  substances  are 
often  referred  to  in  the  literature  by  special  names,  e.g.  pregnane 
for  17-ethyl-ietiocholane,  and  H//o-pregnane  for  17-ethyl-andro- 
stane.  Common  names  are  also  used  for  several  substances  which 
are  hormones  or  their  derivativ^es,  e.g.  oestradiol,  progesterone  and 
testosterone.  The  structure  of  the  compounds  and  that  of 
cholesterol,  as  well  as  the  letter  used  for  the  description  of  the 
various  rings  and  the  numbers  used  to  designate  the  various 
carbon  atoms  are  given  below  : — 
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Cholesterol  17-ethyl-  17-ethyl- 

androstaiie  a'tioeholane 

(Allo-preonane)  (Pregnane) 


The  main  steroid  hormones  of  importance  in  tlie  body  are 
(jcstradiol,  ])rogesterone,  testosterone  and  deoxycorticosterone  (of 
which  the  B.P.  name  is  deoxycortone),  and  their  cliemical  con- 
stition  is  given  below  : — 


CH 


^OH 


1 


/Yy 

(Estradiol 


CO 


I’rogesterone 


Testosterone 


Deoxycortone 
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Tlies0  hormones  can  be  partially  synthesized  from  certain  other 
steroids,  e.g.  from  cholesterol.  (Estradiol  can  be  produced  from 
oestronc  and  the  complete  synthesis  of  the  latter  substance  has 
been  described  by  Aimer  and  Miescher  (1948)  and  has  also  been 
reported  by  Breitner  (see  Kleiderer  et  al.,  1945). 

(Estradiol  and  progesterone  are  secreted  by  the  ovary.  Testo¬ 
sterone  is  produced  by  the  interstitial  cells  of  the  testes,  and  deoxy¬ 
cortone  is  found  in  the  cortex  of  the  adrenal  glands,  and  is  probably 
one  of  the  many  steroids  elaborated  there.  In  fact  28  steroids, 
including  oestrone  and  progesterone,  have  now  been  isolated  from 
the  adrenal  cortex,  but  it  is  not  known  how  many  of  these  are 
naturally  secreted  there  and  how  many  are  artefacts  produced 
during  the  process  of  extraction  (Keichstein  and  Shoppee,  1943  ; 
Shoppee,  1947).  Only  eight  of  these  substances  possess  physio¬ 
logical  activity,  including  deoxycortone,  corticosterone,  and 
1 1-dehydroeortieosterone.  The  greater  part  of  the  activity  of 
adrenal  cortical  extracts  is  contained  in  an  amorphous  residue  of 
which  the  active  principles,  probably  also  steroids,  have  not  yet 
been  isolated. 

All  these  substances  obtained  from  the  gonads  and  adrenal 
gland  are  responsible  for  controlling  the  changes  in  the  secondary 
sex  organs  and  for  maintaining  the  endocrine  functions  of  the 
adrenal  cortex.  The  effects  produced  by  the  three  sex  hormones 
are  described  in  detail  elsewhere  (e.g.  Robson,  1949;  Chap.  IV-\T). 
Obviously  the  production  of  these  hormones  in  the  body  constitutes 
merely  one  aspect  of  their  function,  which  cannot  be  properly 
exerted  unless  the  tissues  affected  are  receptive  to  their  action. 

T  hese  steroid  substances  and  some  of  their  derivatives  mav  over¬ 
lap  in  their  actions  in  the  body.  Thus  for  exam])le  manv'of  the 
effects  which  are  produced  by  progesterone  are  also  brought  about 
by  deoxycortone.  It  seems  likely  that  this  overlapping  in  the  action 
of  some  of  these  substances  is  due  to  two  factors.  (1)  Some 
substances  produce  a  certain  effect  in  the  body  but  in  the  course  of 
t  leir  metabolism  another  substance  is  produced  which  has  a  differ¬ 
ent  effect.  For  example,  ethisterone  has  progesterone-like  actions 
and,  in  fact,  when  applied  directly  to  the  uterine  endometrium,  it 
IS  nearly  as  active  as  progesterone.  It  can  also  produce  oestrogenic 
effects  but  this  only  occurs  after  a  metabolic  change  in  the  body, 

.  erone  itself  not  being  oestrogenic  (Emmens,  1941).  (2)  Some 
steroids  have  two  quite  distinct  actions.  As  an  example,  deoxy- 
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cortone  maintains  life  in  aclrenalectoniized  animals,  but  it  also  has 
a  piogesterone-like  action  on  the  uterus  since  it  produces  its 
specific  effect  on  the  endometrium  locally  when  implanted  into 
the  lumen  of  this  organ. 

Origin  of  Steroid  Hormones 

There  is  good  reason  to  believe  that  the  steroid  hormones 
are  derived  in  the  body  Irom  cholesterol.  Strong  support  for  this 
view  is  given  by  the  work  of  Bloch  (1945)  with  cholesterol  con¬ 
taining  deuterium  (heavy  hydrogen).  He  administered  this 
substance  to  a  pregnant  woman  and  found  that  the  pregnanediol 
recovered  from  the  urine  contained  a  concentration  of  deuterium 
similar  to  that  present  in  the  cholesterol  circulating  in  the  blood. 
Since  progesterone  is,  to  some  extent,  converted  to  pregnanediol, 
W'hich  is  then  excreted  in  the  urine,  this  means  that  the  luteal 
hormone  was  probably  derived  from  cholesterol.  Tliis  view  is 
also  supported  by  the  findings  of  Claesson  and  Hillarp  (1947)  who 
by  means  of  polarization,  optical  and  histochemical  methods 
demonstrated  the  jiresencc  of  a  steroid  substance,  probably 
cholesterol,  in  the  ovary.  The  store  of  this  substance  is  depleted 
when  oestrogen  is  secreted.  -These  authors  regard  the  interstitial 
cells  of  the  ovary  of  fundamental  im])ortance  in  the  formation  of 
oestrogen.  By  cholesterol  estimations  in  the  gonads,  evidence  has 
also  been  obtained  that  this  substance  may  be  a  precursor  of 
progesterone  in  the  female  (Perlman  and  Leonard,  1947)  and  of 
androgen  in  the  male  (Tepperman  and  Tepperman,  1947). 

It  is  still  uncertain  how  cholesterol  is  converted  into  these 
various  substances,  but  the  first  step  probably  involves  the  break¬ 
down  of  the  long  side  chain  attached  to  Cj,.  The  question  is 
discussed  by  Ficser  (1937),  Marker  (1938)  and  Pincus  and  Pearl- 
man  (1943).  Marrian  (1939)  has  suggested  that  the  steroids  of  the 
adrenal  gland  may  be  formed  from  progesterone,  which  he  believes 
the  gland  produces  in  large  quantities.  It  is  possible,  too,  that  the 
steroid  hormones  can  also  be  built  iq)  from  smaller  molecules, 
since  it  has  been  found  that  dcutero  cholesterol  is  formed  when 
sodium  deutero  acetate  is  fed  to  mice  and  rats  (Bloch  and 
Rittenberg,  1942).  Even  more  interesting  is  the  finding  of  Srerc 
et  al.  (1949)  that  beef  adrenal  cortex  can  synthesize  cholesterol  from 
acetate  in  vitro  :  the  acetate  was  labelled  with  carl)on  14  which 
was  then  detected  in  a  constant  proport  ion  in  the  cholesterol  formed. 
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Fate  of  Steroid  Hormones 

These  substances  are  rapidly  metabolized  in  the  body  and  most 
of  their  activity  is  thereby  destroyed.  There  is  good  evidence  that 
the  liver  is  chiefly  involved  in  the  destruction  of  oestradiol,  and  that 
it  also  plays  a  part  in  the  destruction  of  progesterone  and  testoster¬ 
one.  A  number  of  steroid  metabolic  products  are  formed  which,  with 
the  exception  of  prcgnanediol,  account  for  only  small  fractions  of  the 
parent  compounds.  These  substances  are  excreted  in  the  urine 
either  as  such  or  in  a  conjugated  form.  Some  of  the  derivatives 
are  conjugated  with  glucuronic  acid,  but  conjugation  with  sul¬ 
phuric  acid  also  occurs,  e.g.  in  the  case  of  ocstrone  (Schachter  and 
Marrian  1938)  and  of  dehydroisoandrosterone  (Munson  et  al,  1944). 

The  changes  which  may  occur  in  the  degradation  of  the  steroids 
are  discussed  by  Doisy  (1942),  Koch  (1942)  and  Pincus  and 
Pearlman  (1943).  It  is  likely  that  specific  enzymes  are  concerned 
with  those  processes  but  they  have  not  yet  been  identified.  There 
is  evidence  that  cozymase  may  be  involved  (Coppedge  et  al.,  1948). 
The  isolation  of  metabolic  products  of  the  steroid  hormones  in  the 
urine  is  of  interest  not  only  because  it  may  shed  light  on  the  fate  of 
the  hormones  in  the  body,  but  also  because  it  may  serve  as  an  index 
of  the  amount  of  hormones  produced  in  the  body.  The  main  sub¬ 
stances  excreted  are  oestrone  and  oestriol,  derived  from  oestradiol  ; 
prcgnanediol  derived  from  progesterone ;  and  androsterone, 
dehydroisoandrosterone,  and  other  substances,  some  with  andro¬ 
genic  properties,  derived  from  testosterone  and  from  the  adrenal 
cortex  (Schiller  et  al.,  1945).  Various  methods  have  been  elaborated 
for  the  assay  of  these  substances  in  the  urine  and  the  results  so 
obtained  have  been  used  to  estimate  the  extent  of  ovarian, 
placental,  testicular,  and  adrenal  cortical  activity.  There  are, 
however,  a  number  of  difficulties  which  are  only  slowly  being 
overcome.  For  example  the  amount  of  metabolite  in  the  urine 
is  only  a  small,  and  not  necessarily  a  constant,  fraction  of  the 
parent  substance.  An  examination  of  the  many  data  on  the 
excretion  of  various  substances  following  the  administration  of 
CEstradiol,  progesterone,  etc.,  in  animals  and  man  shows  this  (juite 
clearly.  The  results  with  progesterone  are  particularly  instructive, 
tor  a  time  it  was  believed  that  this  substance  was  almost  quanti¬ 
tatively  converted  into  prcgnanediol  but  more  recent  work  shows 
that  probably  only  about  25  per  cent  of  the  hormone  appears  in  the 
urine  in  this  form.  In  the  case  of  adrenal  cortical  hormones  the 
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amounts  produced  by  the  gland  have  been  estimated  (Vogt,  1947) 
and  have  been  found  to  be  very  large  in  comparison  with  the 
quantities  excreted  in  the  urine  (or  extractable  from  the  gland). 

Changes  in  the  rate  of  metabolie  degradation  of  the  steroids 
may  occur.  It  has,  for  example,  been  suggested  that  nutritional 
conditions,  and  especially  the  supply  of  some  parts  of  the  vitamin 
H  complex,  may  influence  the  metabolism  of  a'strogens  by  the 
liver,  and  that  a  deflciency  of  vitamin  H  may  indeed  lead  to 
deficient  oestrogen  inactivation  and  thus  to  the  development  of  a 
number  of  clinical  abnormalities  in  both  sexes  (see  discussion  by 
Biskind  and  Biskind,  1946). 


A  further  difficulty  is  that  the  origin  of  the  various  substances 
found  in  the  urine  is  by  no  means  always  clear.  Much  of  the 
a'strogen  is  probably  derived  from  the  ovary  and,  in  pregnancy, 
from  the  placenta.  But  some  oestrogen  is  excreted  in  ovariecto- 
mized  women  in  whom  it  is  probably  jiroduced  by  the  adrenal 
cortex,  which  is  also  responsible  for  some  of  the  oestrogen  found 
in  the  urine  of  the  male.  In  some  species,  c.g.  the  stallion,  very 
large  (piantities  of  oestrogen  are  secreted  by  the  testes  and  excreted 
in  the  urine.  It  is  quite  likely  that  in  the  human  male,  too,  the 
testes  secrete  some  oestrogen. 

The  same  difficulty  applies  to  the  excretion  of  androgenic 
substances  in  the  urine.  In  the  male  much  of  the  urinary  androgen 
consists  of  metabolic  products  of  testosterone  but  some  is  un¬ 
doubtedly  derived  from  the  adrenal  cortex,  and  this  fraction  is 
still  found  in  the  urine  after  castration.  As  will  be  seen  below, 
attempts  have  been  made  to  differentiate  between  the  adrenal  and 
testicular  androgen  in  the  urine.  Adrenal  cortical  metabolic 
products  appear  as  androgen  in  the  urine  of  women  but  it  is  possible 
that  the  ovaries  also  contribute  their  quota,  since  there  is  evidence 
that  the  female  gonads  can  secrete  some  androgen.  ,  .  , 

Most  of  the  ])regnanediol  in  the  urine  is  no  doubt  derived 
from  progesterone  produced  in  the  ovaries  and  placenta,  but  it  is 
(luitc  likely  that  some  of  it  represents  a  metabolic  ju-oduct  of 
steroids  elaborated  in  tbe  adrenal  cortex. 

excreted  in  men  (Westplial,  lOdt)  atid  m  balls  (Jlarkei  et  « 

It  may  be  derived  from  adrenal  progesterone  and  c  eox>- 
cortone  Hotb  these  snbstances  are  present  m  the  gland  and  their 
administration  in  men  is  followed  by  an  pregnanediol 

(Hnxton  and  Westplial,  1089;  fnyler  et  al,  1940), 
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Assay  of  Steroid  Hormones 

The  effective  fractionation  of  urine  for  its  various  steroid 
constituents  is  not  easy  and  no  standard  proeedures  have  yet  been 
established.  Methods  are  reviewed  by  Pincus  (1945).  The  various 
fraetions  must  be  assayed  by  ehemical  or  biological  methods,  or 
both.  When  large  quantities  of  these  substanees  are  excreted  the 
results  are  reasonably  aeeurate  but  no  really  satisfactory  methods 
have  yet  been  elaborated  for  the  assay  of  small  amounts  of 
anv  of  the  products  excreted  in  the  urine,  and  this  has  seriously 
limited  the  value  of  such  methods  in  connection  with  the  diagnosis 


and  treatment  of  endocrine  diseases. 

Recent  work  has  been  mainly  concerned  with  the  elaboration 
of  new  methods  for  (1)  the  chcrnieal  estimation  of  the  steroids 
and  (2)  the  biological  assay  of  some  of  these  sul)stanees  in  small 
amounts.  For  a  detailed  review  the  reader  is  referred  to  the  book 
edited  by  Emmens  (1950)  on  “Assays  in  Hormone  Researeh.” 

(1 )  Chemical  Methods  :  A  number  of  modifications  of  the  Kober 
method  for  the  assay  of  natural  oestrogens  have  been  introdueed 
involving  essentially  more  accurate  measurements  of  the  colour 
formed  and  an  elimination  of  interfering  factors.  Other  methods 
have  also  been  introduced.  The  section  by  Ilaslewood  in  the  book 
mentioned  above  should  be  consulted. 

The  chemical  assay  of  androgens  in  the  urine  is  based  on  the 
Zimmermann  colorimetrie  reaetion.  This  is  applied  to  the  fraction 
of  the  urine  which  contains  steroids  with  a  ketone  group  in  position 
17  (henee  these  substances  are  called  the  17-ketosteroids). 
Androsterone  and  dehydroandrosterone  are  chieliy  involved 
(Pineus,  1943)  and  it  has  been  shown  that  there  is  a  significant 
degree  of  eorrelation  l)etween  the  values  obtained  by  the  colori¬ 
metric  assay  of  such  tractions  and  those  values  obtained  bv  the 
biological  assay  on  the  capon  and  expressed  in  International 
Units  of  male  hormone  (Callow  et  al,  1938).  Improvements  on 
the  Zimmermann  teclmicpie  have  been  suggested  hy  Talbot  et  al. 
(1942)  and  by  Cahen  and  Salter  (1944).  A  new  colorimetric  method 
based  on  the  development  of  a  blue  eolour  with  antimony  tri¬ 
chloride  in  the  presence  of  aeetie  acid  has  been  described  by  Pincus 
(1943)  and  a  polarographic  method,  which  gives  rather  smaller 
values  than  those  obtained  with  the  Zimmermann  reaction,  has 
been  elaborated  by  Rarnett  et  al.  (1940).  Full  details  are  given  in 
the  section  by  Callow  in  “Assays  in  Hormone  Research.” 
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Attempts  have  also  been  made  to  estimate  substances  specifically 
derived  from  the  steroids  produced  in  the  adrenal  cortex.  A  test 
for  these  substances  is  based  on  the  reduction  of  pliosphomolybdic 
acid  (Heard  and  Sobel,  194G  ;  Heard  et  al.,  1946)  and  the  results 
obtained  agree  with  those  obtained  by  a  biological  method  of 
estimation,  in  which  the  extract  is  administered  to  glucose  treated 
adrenalectomized  mice  and  the  deposition  of  glycogen  in  the 
liver  measured  (Venning  et  al.,  1946).  The  excretion  of  these 
substances  does  not  vary  with  that  of  the  17-ketosteroids  (Venning 
and  Kazmin,  1946),  supporting  the  view  that  they  are  not  derived 
from  the  gonads  but  from  the  adrenal  gland, 

uch  work  has  been  done  on  the  estimation  of  pregnanediol  in 
the  urine,  as  a  satisfactory  method  would  be  of  value  in  determining 
whether  ovulation  and  corpus  luteum  formation  had  occurred 
during  the  second  part  of  the  menstrual  cycle,  and  might  also  serve 
as  an  easy  method  of  pregnancy  diagnosis,  Henderson  et  al. 
(1949)  describe  a  modification  of  the  Astwood-Talbot  method 
which,  they  claim,  will  detect  amounts  down  to  0.3  mg.  in  100  ml. 
of  urine  and  takes  3|  hours  to  carry  out.  They  describe  the 
application  of  this  method  to  the  estimation  of  luteal  function 
during  the  menstrual  cycle  and  pregnancy.  The  subject  is  reviewed 
in  the  section  by  Haslewood  in  “Assays  in  HormoJie  Research,” 
and  also  by  Swyer  (1949)  who  concludes  that,  in  general,  pregnane¬ 
diol  estimations  are  of  little  value  to  the  practising  clinician. 

(2)  Biological  Methods  :  The  assay  of  small  amounts  of  mstro- 
gen,  androgen  and  progestogen  depends  on  the  direct  application  of 
the  material  to  be  assayed  to  a  suitable  test  object.  Such  local 
effects  can  easily  be  obtained,  as  a  rule,  but  it  is  much  more 
difficult  to  make  such  a  reaction  quantitative. 

In  the  case  of  cestrogens  the  material  is  introduced  into  the 
vagina  of  ovariectomized  mice  and  positive  responses  can  be 
obtained  with  very  small  doses,  e.g.  O.OOl  ^g.  or  even  less  (Muhl- 
l)ock,  1940).  Positive  changes  in  the  vagina  not  involving  full 
cornification  arc,  however,  produced  by  doses  covering  a  rather 
wide  range,  i.e.  from  less  than  0.001  /xg.  to  more  than  0.01/xg., 
and  a  good  deal  more  work  is  necessary  to  make  such  a  test  rea  ly 
(luantitative.*  Small  amounts  of  androgen  can  be  assayed  n 


*  C  \V  Finiinens  (U).5(),./.  Endocrinol.,  6,  3()(!)  lias  sliown  that  it 
„»ay  a.“,l  and  .vatriol  in  tnnna  of  tliC  intcrnat.onal  standanl  l.y  tho 

intrava<{inal  method. 
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applying  the  material  direetly  to  the  surface  of  the  comb  ot  the 
capon.  The  test  is  about  100  times  as  sensitive  as  when  the  material 
is  injected  into  the  animal,  and  definitely  positive  effects  are 
obtained  with  1  /xg.  of  androsterone.  This  method  has  been 
successfully  applied  to  the  determination  of  the  androgen  ex¬ 
cretion  in  normal  men  and  women  (IlamburgcT  et  al.,  1945). 
Small  amounts  of  substances  with  a  progesterone-V\ke  effect  can 
be  assayed  by  local  application  to  the  uterus.  .McGinty  et  al. 
(1939)  and  Haskins  (1939)  used  immature  rabbits  previously 
treated  with  oestrogen  and  introduced  a  solution  of  the  substance 
to  be  tested  into  the  lumen.  Positiv'e  responses  may  be  obtained 
with  doses  as  small  as  0.25  /xg.,  but  they  may  also  occur  in  parts 
of  the  uterus  not  treated  with  the  progestogen.  When  this  material 
is  introduced  as  a  solid  into  the  uterijie  lumen  of  mature  ovariec- 
tomized  animals  pretreated  with  oestrone,  the  response  is  restricted 
to  the  implanted  area  (Robson  and  Holm,  1947),  and  effects  can  be 
obtained  with  doses  of  progesterone  of  the  order  of  1  /xg.  Other 
progestogens,  e.g.  ethisterone,  pregnenolone,  also  produce  a  local 
effect  (Robson  and  Holm,  1950).  A  method  of  assaying  proges¬ 
terone  which  involves  a  local  action  on  the  uterus  of  the  mouse 
is  described  by  Hooker  and  Forbes  (1947). 


Functions  of  the  Adrenal  Cortex 

Much  work  has  been  done  in  order  to  explain  the  mechanisms 
by  which  the  adrenal  cortex  produces  its  effects  in  the  body,  but 
at  present  there  is  no  simple  theory  which  will  explain  the  large 
number  of  experimental  findings.  VVrzar  (1939)  believes  that  the 
adrenal  hormones  play  a  vital  part  in  the  cellular  metabolic 


processes  and  are  particularly  concerned  in  phosphorylation 
mechanisms  (Schumann,  1940;  Verzar  and  Montigcl,  1942),  and 
the  investigations  of  tori  and  her  co-workers  (Price  et  al.,  1946) 
and  of  Conway  and  Hingerty  (1946)  support  this  view. 

The  adrenal  cortical  hormones  have  two  main  effects,  viz.  on 
eleetrolyte  and  miter  metabolism,  and  on  earhohydrate  metabolism. 
Kendal  (1948)  reviews  the  influence  of  the  adrenal  cortex  on  the 
metabohs^m  of  water  and  electrolytes.  It  is  one  of  the  primarv 
actions  of  the  cortical  steroids  t<i  influence  the  renal  excretion  of 
Ka  Cl  and  K  ions  probably  by  affecting  their  tubular  reabsorp- 
tion.  In  untreated  adrenaleetomized  animals  there  is  inereased 
excretion  of  Ka  and  Cl  and  retention  of  K  ;  there  is  loss  of  Na  from 
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muscle  and  a  rise  in  the  K  eontent  of  tissue  cells  and  plasma.  After 
a  time  the  ability  to  exerete  administered  water  is  lessened.  It  is  to 
be  noted,  however,  that  good  health  and  normal  growth  ean  be 
maintained  in  adrenaleetomized  animals  if  sullieient  NaCl  is 
administered.  Administration  of  deoxycortone  acetate  to 
adrenaleetomized  animals  stops  the  loss  of  sodium  chloride,  and 
such  animals  can  be  maintained  in  good  health  even  on  diets  with 
a  low  content  of  sodium  chloride  ;  this  steroid  also  causes  an 
inerease  in  the  excretion  of  potassium.  These  effects  on  the 
electrolyte  balance  are  also  seen  when  deoxycortone  acetate  is 
administered  to  patients  suffering  from  Addison’s  disease. 

There  is  also  an  important  effect  on  carbohydrate  metabolism. 
In  adrenal  insuffieieney,  animals  are  unable  to  store  administered 


carbohydrate  in  the  form  of  glycogen  as  rapidly  as  normal  animals, 
particularly  in  the  liver,  and  an  unduly  high  proportion  of  the 
carbohydrate  taken  in  is  oxidized.  It  has  been  suggested  that 
j^rotein  metabolism  is  also  directly  affected,  but  there  is  at  present 
no  definite  evidence  that  such  is  the  case  (Ingle  and  Oberle,  1940  ; 
Leathern,  1945).  An  attempt  has  been  made  to  correlate  these 
actions  with  tlie  chemical  constitution  of  the  adrenal  steroids 
(Shoppee,  1947).  Effects  on  the  carbohydrate  metabolism  appear 
to  be  associated  with  an  oxygen  atom  (hydroxyl  group  or  kctonic 
oxygen)  at  position  t’a  (c.g.  i7-hydroxy-ll-dchydrocorticosterone), 
wliile  the  presence  of  a  tertiary  hydroxyl  group  at  C  17  diminishes 
the  capacity  to  maintain  life,  and  to  retain  NaCl  in  the  body. 

There  is  much  evidence  that  the  adrenal  cortex  is  associated 
with  the  protection  of  the  body  against  harmful  stimuli,  and  also 
with  the  control  of  lymphoid  tissue  and  especially  with  the 
release  of  antibody  from  lymphocytes  (Dougherty  et  al,  1945). 
The  question  is  discussed  by  Ungar  (1947)  who  states  quite  rightly 
that  much  hard  work  and  clear  thinking  will  be  reiiiiired  before  a 
satisfactorv  interpretation  can  be  given  for  the  experimental 
fmdings.  Stresses  of  various  types  iirodiice  a  response  m  the  body 
to  which  the  term  adaptation  syndrome  has  been  given  by  Sclye 
(1940)  The  development  of  the  adaptation  syndrome  can  be 
,livi<le<l  into  tlirco  stages,  namely  (I)  aUmn  readurn  winch  is 
the  snm  of  all  non-speeilie  systemie  phenomena  ehe.ted  by  smklen 
exposure  to  stinmii  to  whieh  the  organism  is  not  a<  apteil  (.) 
mlvtuUon  proper,  whieh  ean  he  ilelineil  as  a  rise  iii  the  threshok  of 
aetioii  of  stimuli  following  the  o|>plieation  ol  the  same  or  anothei 
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stimulus,  aiul  (.‘5)  the  exhaustion  phase  wiiicli  follows  very  prolonpd 
exposure  to  stimuli  to  which  adaptation  has  been  developed,  but 
can  no  longer  be  sustained.  Selye  claims  that  the  adrenal  cortex 
plays  an  important  part  in  this  process  of  adaptation,  and  that  the 
pituitary  and  spleen  may  also  be  concerned.  Abnormalities  in  the 
processes  of  adaj)tation  can  apj)arcntly  lead  to  jiathological  con¬ 
ditions  to  which  Sclye  (1949)  has  applied  the  term  “diseases  of 
adaptation.” 

Cortisone  in  Rheumatic  Diseases 
A  most  interesting  and  important  dev'elopment  in  the  clinical 
aiiplication  of  cortical  steroids  is  the  use  of  cortisone  (17-hydroxy- 
11-dehydrocorticosterone  ;  Kendall’s  “compound  K”;  Reichstcin  s 
“Fa  6”;  Wintersteiner’s  “F”)  in  the  treatment  of  rheumatic 
diseases.  Only  preliminary  results  are  available  at  present,  but 
they  are  very  striking. 


( 17-hydroxy-l  1-deh  ydrocorticosterone) 

This  work  was  initiated  at  the  Mayo  Clinic  by  Ilench  who 
discusses  the  reasons  which  led  him  to  this  investigation  in  a 
separate  paper  (Hench,  1949).  He  was  struck  by  the  fact  that 
iheumatoid  arthritis  is  not  infrccpiently  relieved  by  pregnancy, 
oi  b\  the  development  of  hepatitis  with  jaundice.  ^lany  measures 
were  tried  to  rejiroduee  similar  biochemical  conditions  in  patients 
suflcring  from  rheumatoid  arthritis,  e.g.  transfusion  of  blootl  from 
jaundiced  and  pregnant  donors,  the  artificial  production  of 
jaundice  by  the  injection  of  ictcrogcnic  serum,  or  by  the  oral 
administration  of  lactophenin.  Hench  came  to  the  conclusion  that 
the  antirheumatic  agent  might  be  an  adrenal  hormone,  since 
temporary  remissions  of  rheumatoid  arthritis  are  frequently 
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induced  by  procedures  which  are  known  to  be  capable  of  stimu¬ 
lating  the  adrenal  cortex,  e.g.  general  anaesthesia  and  surgical 
operations. 

In  September  1948  cortisone  became  available  for  clinical  trials. 
Its  partial  synthesis  from  desoxycholic  acid  on  a  scale  suitable 
for  clinical  work  had  been  reported  by  Sarett  (1946).  Previous 
partial  syntheses  had  been  described  in  1936  by  Kendall  and  his 
co-workers  and  in  1937  by  Reiehstein.  The  clinical  results  are 
described  by  Ilench  et  al.  (1949). 

Mode  of  Administration 

The  material  has  been  given  as  small  crystals,  5-10  micron  in 
size,  suspended  in  saline  (25  mg.  per  ml.).  In  the  earlier  cases  the 
method  of  production  of  the  compound  had  not  been  fully  estab¬ 
lished  and  constant  results  were  not  obtained.  Later  material, 
prepared  according  to  satisfactory  physical  and  chemical  criteria, 
has  given  more  satisfactory  results,  with  no  notable  toxic  effects. 
Later  still  it  was  found  that  the  acetate  of  the  steroid  is  easier  and 
less  expensive  to  prepare,  and  this  is  now  being  used.  The  dose 
of  cortisone  is  100  mg.  per  day  by  intramuscular  injection.  With 
the  acetate,  which  is  absorbed  rather  more  slowly,  the  initial  dose 
is  300  mg.  and  this  is  followed  by  100  mg.  doses  per  day. 


Clinical  Results 


The  compound  was  administered  to  14  patients  with  severe  or 
moderately  severe  rheumatoid  arthritis.  In  each  of  the  14 
patients  the  initial  results  were  as  follows  as  described  by  the 
authors  :  “Within  a  few  days  there  was  a  marked  reduction  of 
stiffness  of  muscles  and  joints,  lessening  of  articular  aching  or 
pain  on  motion  and  tenderness,  and  significant  improv’^ement  of 
articular  and  muscular  function.”  The  appetite  often  rapidly 
improved  and  several  patients  gained  weight.  A  feeling  of  well 


being  was  also  noted. 

The  treatment  also  consistently  produced  a  fall  in  the  sedi¬ 
mentation  rate.  Sometimes  this  occurred  promptly  and  rapidly, 
and  sometimes  more  slowly  (see  Fig.  9).  Generally  normal  rates 

appeared  within  10  to  35  days.  ,...11 

In  nine  patients  the  treatment  was  given  for  only  8  to  61  days. 
Then,  unknown  to  the  patients,  injection  of  the  hormone  was 
replaced  by  injection  of  a  control  preparation  (100  mg.  of  cholcs- 
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terol  per  clay).  In  eight  out  of  nine  eases  s\niptonis  began  to 
return  or  to  increase  very  quickly,  generally  within  2-4  da,ys. 
The  sedimentation  rate  usually  also  increased  rapidly.  Similar 
striking  results  in  a  small  number  of  cases  have  been  reported 
by  a  number  of  otlier  investigators.  Prolonged  administration  of 
these  large  doses  of  cortisone  may  lead  to  the  development  of  a 


Fig.  9 

Effect  of  cortisone  on  tlie  sedimentation  rate  of  a  44  year- 
old  woman  Avith  severe  rheumatoid  arthritis.  Note  that  at 
first  the  seclimentation  rate  was  not  affected  by  the 
control  solution  CH  (cholesterol)  ;  then  the  rate  decreased 
markedly  when  an  adequate  dose  of  cortisone  was  used  ; 
then  it  increased  when  the  dose  of  cortisone  was  reduced  ; 
finally,  when  the  use  of  cortisone  Avas  discontinued  ami 
cholesterol  Avas  substituted,  the  sedimentation  rate 
increased  markedly. 

(After  Hench  et  al,  1949.) 


Cushmg-hke  syndrome,  and  allied  compounds  are  now  beiim 

of  finding  one  which  will  not  have 
this  effect.  Of  interest  too  is  the  finding  that  Avounds  show  no  signs 
of  healing,  and  abscesses  no  signs  of  granulation  tissue  formation, 
1  patients  or  animals)  to  whom  cortisone  (or  ACTU)  is  beino 
administered  (see  MeXee,  1950). 
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As  the  work  on  cortisone  develops  it  is  becoming  evident  that  this 
substance  is  of  value  not  only  in  the  treatment  of  rheumatoid  arth¬ 
ritis  but  also  in  a  number  of  other  conditions,  involving  the  collagen 
tissues  of  the  body.  Thus  it  is  believed  to  be  of  benefit  in  rheumatic 
fever,  metastatic  carcinomatosis,  hyperpiesia,  the  shock  of  coronary 
throml)osis  and  also  in  gout  (see  Brit.  Med.  J.,  1949,  ii,  106). 
The  effects  in  rheumatic  fever  are  described  by  Hench  et  al. 
(1949).  They  administered  cortisone  to  three  patients  during  the  . 
acute  stages  of  the  disease  ;  this  was  followed  by  a  rapid  dis¬ 
appearance  not  only  of  the  fever,  tachycardia  and  polyarthritis, 
but  also  of  the  elevated  sedimentation  rates  and  abnormal 
electrocardiographic  changes.  The  authors  also  suggest  that 
cortisone  may  produce  a  beneficial  effect  on  the  cardiac  muscle 
and  valves  in  rheumatic  fever,  in  view  of  its  action  on  skeletal 
muscle  and  fibrous  tissues  in  patients  Avith  rheumatoid  arthritis. 

Among  the  incidental  observations  in  this  investigation  are  the 
findings  that  the  administration  of  cortisone  increases  the  urinary 
excretion  of  corticosteroids,  and  decreases  the  excretion  of  17- 
ketosteroids. 

Cortisone  has  also  given  striking  results  in  the  treatment  of 
Addison’s  disease  (Forsham  et  al.,  1949).  Fourteen  patients  were 
treated  and  marked  clinical  improvement  followed  the  administra¬ 
tion  of  50-100  mg.  of  the  acetate  daily  for  2-6  days.  The 
implantation  method  gave  even  more  satisfactory  results  and 
showed  that  the  actual  daily  need  of  the  substance  is  much  lower. 
Five  patients  were  implanted  with  fiv^e  to  ten  50  mg.  pellets  and 
the  clinical  improvement  was  sustained  for  several  months. 
Absorption  averaged  only  0.5  mg.  per  pellet  per  day,  i.e.  the  daily 
dose  was  2  5-5  mg.  A  number  of  metabolic  studies  were  made 
and  it  was  found  that  the  administration  of  cortisone  produced  a 
small  but  definite  retention  of  sodium  chloride,  an  increased  uptake 
of  radioactive  iodine  by  the  thyroid  and  a  transient  rise  m  fasting 
blood  ketone  bodies.  The  last  results  were  also  obtained  by  Bennett 
et  al  (1949),  who  conclude  from  their  studies  that  cortisone 
facilitates  the  breakdown  of  fat  via  ketone  bodies.  Aweyara  et  at. 
(1949)  found  that  cortisone  promotes  the  deposition 
in  the  liver  of  adrenalectomized  rats,  and  also  studied  the  effe 
t!::  l,nIno  aei,l  content  of  liver  and  musele.  Ob™>us  y  exta.s.v 
studies  on  the  metabolic  actions  of  cortisone  in  relation 
clinical  effects  are  required. 
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Results  with  Adrenocorticotrophic  Hormone  (AGTH) 

This  anterior  pituitary  hormone  stimulates  the  adrenal  cortex 
.  and  would  thus  be  expected  to  increase  the  rate  of  secretion  of 
cortisone  and  of  some  other  cortical  steroids.  There  is  indeed  good 
evidence  that  the  administration  of  corticotrophin  in  man  is  followed 
by  an  increased  production  and  excretion  of  steroids  derived  from 
the  adrenal  cortex  (Mason  et  al.,  1948  ;  Forsham  et  al.  1948).  In 
rats  corticotrophin  affects  the  secretion  of  those  adrenal  steroids 
which  influence  sugar  metabolism,  but  not  of  those  which  affect 
electrolyte  balance  (Hergner  and  Deane,  1948).  The  properties  and 
actions  of  AC'TH  have  been  reviewed  by  Li  (see  Lancet,  1950). 

Corticotrophin  was  tried  by  Hench  and  his  co-workers  in  two 
patients  with  rheumatoid  arthritis  who  received  lOO  mg.  of  the 
hormone  preparation  daily  for  12  days,  by  intramuscular  in  jection. 
The  results  were  as  striking  as  with  cortisone.  There  was  marked 
clinical  improvement  and  a  prompt  fall  in  the  sedimentation  rate, 
which  rose  again  after  cessation  of  treatment.  There  were  definite 
side  effects,  including  a  sense  of  exhaustion  and  a  moderate  rise 
in  blood  pressure,  possibly  due  to  small  amounts  of  ])osterior 
pituitary  extract  present  in  the  hormone  preparation.  Markson 
(1949)  administered  corticotrophin  for  several  months  and  found 
that  the  improvement  in  rheumatoid  arthritis  was  maintained 
during  the  whole  period  of  treatment.  The  patients  relapsed, 
however,  when  treatment  was  discontinued  for  three  days.  The 
prolonged  administration  of  ACTIi  may  produce  toxic  effects, 
including  Cushing’s  syndrome,  and  the  jratient  may  also  become 
refractory  to  the  drug,  perhaps  because  of  the  formation  of  anti¬ 
bodies  (Elkinton  et  al.,  1949). 

Corticotrophin  has  also  been  used  successfully  in  the  treatment 
of  rheumatic  fever,  of  disseminated  lupus  erythematosus  and  of 
gouty  arthritis  ;  m  the  last  condition  the  treatment  also  produced 
a  arge  increase  m  the  uric  acid  excretion  together  with  a  fall  in  the 
serum  uric  acid  level  (Thorn  and  Bayles,  1949).  It  has  also  been 
hpp  I  f  ^  conditions  and  striking  effects  have 
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adrenal  cortical  secretion.  The  paper  by  Thorn  and  Bayles 
mentioned  above  should  be  consulted  for  the  evidence  published 
up  to  the  present.  It  would  appear  that  anterior  hypothalamic 
centres  form  an  essential  link  in  the  activation  of  pituitary 
corticotrophin  secretion  in  conditions  of  stress  or  following  the 
administration  of  adrenaline. 

Obviously  much  further  work  with  these  preparations  remains 
to  be  done  before  we  can  assess  their  value  in  rheumatic  and  other 
conditions.  Other  steroids  of  the  adrenal  cortex  are  also  being 
investigated.  Unfortunately  these  substances  are  difficult  to 
prepare.  Merck  states  that  no  supplies  of  cortisone  are  expected 
for  treatment  or  additional  research  until  1950,  and  even  then  the 
supplies  will  be  small.  At  present  cortisone  is  made  by  partial 
synthesis  from  desoxycholic  acid  by  a  lengthy  method  which 
involves  37  intermediate  steps.  It  has  recently  been  found  that  it 


can  more  easily  be  prepared  from  sarmentogenin.  a  steroid  with  a 
hydroxyl  group  in  the  11 -position,  which  can  be  extracted  from 
the  seeds  of  a  tropical  plant  of  the  strophanthus  genus  (S.  sarmen- 
tosus).  This  plant  could  easily  be  cultivated  on  a  large  scale,  and 
thus  large  amounts  of  cortisone  would  be  made  available  (Anno¬ 
tation,  1949),  but  it  has  been  estimated  that  at  least  20  years 
will  be  required  to  solve  the  botanical  problems  involved  in  its 

commercial  growth  {Lancet,  1950). 

As  for  adrenocorticotrophin,  it  seems  highly  unlikely  that  any 
large  amounts  will  be  available  from  natural  sources,  since  this  sub¬ 
stance  is  prepared  from  pituitaries  of  which  the  supply  is  limited. 
There  is,  how'ever,  good  evidence  from  the  work  of  Morris  and  of 
Li  that  adrenocorticotrophic  action  can  be  produced  by  a  model - 
ately  sized  peptide  wdth  a  molecular  weight  of  about  1200,  the 
svnthesis  of  which  appears  to  be  within  the  realm  of  possibility, 
and  Luft  et  al.  (1949)  have  shown  that  such  a  peptide,  obtainec 
from  the  peptic  digestion  of  pure  AC'TH,  is  effective  in  the  treat¬ 
ment  of  rheumatoid  arthritis. 

\  verv  interesting  finding  is  that  when  deoxycortone,  or  i  s 
acetate,  'is  perfused  through  isolated  adrenal  glands,  the  perfusate 
contains  corticosterone,  which  has  a  liydroxyl  group  Cu,  i.e. 
a  bio-oxygenation  of  deoxycortone  at  Cn  has  taken  place  (He 
et  al  1949).  At  present  this  does  not  appear  to  be  of  any  practica 
importance,  though  it  does  suggest  the  possibility  that  a  similar 
conversion  might  occur  in  the  presence  of  suitable  micro-organism  . 
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adhexocohticothopiiin 

Deoxycortone  and  Ascorbic  Acid 

\  new  approacli  to  the  treatment  of  rheumatoid  arthritis  ^vith 
steroids  has  been  given  i)y  the  results  of  Lewin  and  \\  assen  (1949). 
These  investigators  ol)tained  striking  relief  of  the  condition  by 
administering  5  mg.  of  deoxycortone  acetate  intramuscularly., 
followed  by  1  (i.  of  ascorbic  acid  intravenously  or  intramuscularly. 
This  work  has  been  repeated  by  a  number  of  investigators,  some 
of  whom  have  confirmed  it  (e.g.  Le  Vay  and  Loxton,  1949  ; 
Douthwaite,  1949)  while  others  have  failed  to  do  so  (e.g.  Kellgren, 
1949;  Spies  et  al.,  1949).  From  the  evidence  available  it  seems 
dillicult  to  believe  that  the  combination  of  deoxycortone  and 
aseorbie  aeid  does  not  produce  beneficial  effects  in  some  cases,  and 
it  has  indeed  been  rc|)orted  that  similar  effects  can  be  produced 
by  giving  intravenous  ascorbic  acid  after  the  intramuscular  injec¬ 
tion  of  progesterone  (2  mg.)  or  of  testosterone  (*2()  nig.)  (Lands- 
berg,  1950).  Le  Vay  and  Loxton  (1950)  have  obtained  similar 
resjionses  in  various  other  joint  conditions,  e.g.  monoarticular 
infective  arthritis  and  traumatic  conditions,  and  have  also  pro¬ 
duced  evidence  that  the  actions  of  deoxycortone  and  ascorbic 
acid  are  exerted  peripherally. 


Experimental  Approach 

It  would  be  a  great  advantage  if  experimental  methods  could 
be  devised  with  which  the  possible  value  of  remedies  in  rheumatoid 
arthritis  could  be  investigated.  Following  the  finding  of  Thorn  ct 
al.  (1948)  that  in  normal  subjects  the  administration  of  ACTH 
causes  a  fall  in  the  circulating  eosinophils,  Sjiics  and  Stone  (1949) 
obtained  similar  results  in  patients  with  chronic  eosinojihilia  of 
unknown  origin.  /I'liey  then  tested  the  action  of  a  number  of 
steroids  (other  than  cortisone)  in  these  patients  and  found  that 
none  of  them  produced  any  change  in  the  blood  eosinophils. 
Subseipiently  they  tested  these  steroids  in  cases  of  rheumatoid 
arthritis  aiul  found  them  to  be  of  no  value  (Spies  and  Stone,  1950). 
1  he  suggestion  is  that  substances  of  value  in  rheumatoid  arthritis 

would  cause  a  fall  in  the  blood  eosinophils  and  could  thus  be 
discovered. 

Selye  (llMfl)  |,as  clalM)i-atc<l  a  method  witli  which  an  acute 
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prolonged  chronic  artliritis  and  periarthritis.  Tiiis  “formalin- 
arthritis”  can  be  almost  completely  antagonized  by  the 
administration  of  cortisone  or  ACTH  and  may  thus  prove  of  value 
in  the  search  for  substances  which  produce  similar  effects.  Using 
this  technique  Brownlee  (1950)  has  shown  that  a  combination  of 
deoxycortone  and  ascorbic  acid  will  protect  rats  against  formalde¬ 
hyde  arthritis.  Similar  results  have  l)een  obtained  by  Buttle 
(personal  communication)  in  periarthritis  in  mice,  though  he  also 
found  that  ACTII  was  much  more  effective  than  deoxycortone  and 
ascorbic  acid. 


REFERENCES 

.\nner,  (i.,  and  Miescueu,  K.  (1948).  Ilelv.  cliim.  Acta.  31,  2173. 
Annotation  (1949).  Brit.  med.  J.,  ii,  481. 

Awapara,  J.,  Marvin,  II.  N.,  and  Wells,  R.  B.  (1949).  Endo¬ 
crinology,  44,  378. 

Barnett,  J.,  Henly,  A.  A.,  Morris,  C.  J.  O.  B.,  and  Warren,  1*.  L. 
(1946).  Biochem.  J.,  40,  778. 

Bennett,  L.  L.,  Slessor,  A.,  and  Thorn,  G.  W.  (1949).  J.  din. 
Endocrinol.,  9,  675. 

Bergner,  G.  E.,  and  Deane,  11.  W.  (1948).  Endocrinology,  43,  240. 
Biskind,  G.  R.,  and  Biskind,  N.  S.  (1946).  .Irncr.  J.  din.  1  ath., 
16,  737. 

Bloch,  K.  (1945).  J.  biol.  Chern.,  157,  661. 

Bloch,  K.,  and  Rittenrerg,  I).  (1942).  J.  biol.  Chcm.,  145,  62.>. 
Bordley,  j.  E.,  Carey,  R.  A.,  Harvey,  A.  M.,  Howard,  J.  E  , 
Kattus,  a.  a.,  Newman,  E.  V.,  and  Winkenweruer,  .  L. 
(1949).  Bull.  Johns  Hopkins  Hasp.,  85,  396. 

Brownlee,  G.  (1950).  Lancet,  i,  157.  v  i  \  v 

Buxton,  C.  L.,  and  Westphal,  U.  (1939).  Proc.  Soc.  exp.  Biol.  S.Y., 

41  ‘^84 

Cahen!  R.  L.,  and  Salter,  W.  T.  (1944).  J.  biol.  Chcm.,  152,  489. 
Callow,  N.  H.,  Callow,  R.  K.,  and  Emmens,  C.  W.  (1938).  Biochem. 

J  32  1312 

Claesson,’  L.,  and  Hillabp,  N.  A.  (1947).  Acta  physiol,  scand.,  13, 
ClaeLIon,  L„  and  Hielakp,  N.  A.  (1947).  Acta  physiol,  scand.,  14, 

1  Q2 

Conway,  E.  J.,  and  Hingerty  D  (1946).  f A. 
COPPEDGE,  R.  L.,  Segaloff,  a.,  Sarett,  H.  1.,  and  Altschll, 

M.  (1948).  J.  C/iem.,  173,  431. 

CUYLER,  W.  K.,  A_shi.ey,  C.,  and  IIamblem,  1a.  C.  (1.140).  hndo 

urinology,  27,  177. 

V.T  Wnn-H.  A.  (lOl.!).  I'mc.  Soc. 

exp.  Biol.  N.\  .,  5S,  T>tt 

Douthwaite,  a.  H.  (1949).  Lancet,  n,  1-44. 


REFERENCES 


117 


Klkinton,  J.  R.,  Hunt,  A.  L).,  GtOdfrky,  L.,  McCrory,  \\ . 

Rogerson,  a.  G.,  and  Stokes,  J.  (1949).  J.  Amer.  mcd.  Ass., 
141,  1278. 

Emmens,  C.  W.  (1941).  J.  Endocrinol.,  2,  444. 

*Emmens,  C.  W.  (1950).  “Assays  in  Hormone  Research.”  Academic 
Press. 

*Fieser,  L.  F.,  and  Fieser,  M.  (1949).  “Natural  Products  related  to 
Phenanthrene.”  (3rd.  Edit.).  Reinhold  Publishing  Corporation, 
New  York. 

Forskam,  P.  H.,  Rennett,  L.  L.,  Roche,  M.,  Reiss,  R.  S.,  Slessor, 
A.,  Flink,  E.  B.,  and  Thorn,  G.  W.  (1949).  J.  cUn.  Endocrinol., 
9,  660. 

Forsham,  P.  H.,  Thorn,  G.  W.,  Prunty,  F.  T.  G.,  and  Hiui.s,  A.  G. 
(1948).  J.  din.  Endocrinol.,  8,  15. 

Hamburger,  C.,  Halvorsen,  K.,  and  Pedersen,  J,  (1945).  Acta 
pharmacol.  tojcicol.,  1,  129. 

Haskins,  A.  L.  (1939).  Proc.  Soc.  exp.  liiol.  AM'.,  42,  624. 

Heard,  R.  D.  H.,  and  Sobel,  H.  (1946).  J.  biol.  Chem.,  165,  687. 
Heard,  R.  U.  H.,  Sobel,  H.,  and  Venning,  FI.  H.  (1946).  J.  biol. 
Chem.,  165,  699. 

Hechter,  ().,  Jacobsen,  It.  P.,  Jeanloz,  R.,  Levy,  H.,  IMarshall, 
C.  W.,  PiNCUs,  G.,  and  Schenker,  V.  (1949).  J.  Amer.  ehem. 
Soc.,  71,  3261. 

Hench,  P.  S.  (1949).  Proc.  Mayo  Clin.,  24,  167. 

Hench,  P.  S.,  Kendall,  K.  C.  ',  Slocumb,  C.  1 1.,  and  Polley,  II.  F. 
(1949).  Proc.  Mayo  Clin.,  24,  181. 


Hench,  P.  S.,  Slocumb,  ('.  H.,  Barnes,  A.  R.,  Smith,  1 1.  L.,  Polley 
H.  F.,  and  Kendall,  E.  C.  (1949).  Proc.  Mayo  Clin.,  24,  277 
Henderson,  J.,  Maclagan,  N.  F.,  Wheatley,  V.  R.,  and  Wilkinson, 
J,  H.  (1949).  J.  Endocrinol.,  6,  41. 

Hooker,  C.  W.,  and  Forbes,  T.  R.  (1947).  Endocrinology,  41,  158 
Ingle,  D.  J.,  and  Oberle,  E.  A.  (1946).  Amer.  J.  Physiol.,  147  2‘>‘> 
Kellgren,  J.  H.  (1949).  Lrmre/,  ii,  1 108 


Kober,  S.  (1938).  liiochem.  J.,  32,  357 
Koch,  F.  C.  (1942).  liiol.  Sump.,  9,  41,* 
Lancet  (19.50).  i,  96. 

Lancet  (19.50).  i,  213. 

Landsberg,  M.  (1950).  Lancet,  i,  131, 
Leathem,  j.  H.  (1945).  Proc.  Soc 
Le  ”  ' 


Endocrinol.,  3, 


Malkeh,  R.  E.  (1038).  .7.  Amer.  chem.  Soe.,  60,  1725. 


118  THE  GONADS  AND  ADRENAL  CORTEX 

Marker,  11.  E.,  Wittle,  E.  L.,  and  Lawson,  E.  J.  (1938).  J.  Aincr. 
chem.  Soc.,  60,  2931. 

Markson,  1).  E.  (1949).  ,7.  Antcr.  mcd.  .Iss.,  141,  458. 

Marrian,  G.  F.  (1939).  Bull.  N.Y.  Acad.  Mcd.,  15,  27. 

Mason,  II.  L.,  1’ower,  M.  II.,  Hynearson,  V,.  H,,  Ciaramei.li,  L.  C., 
Li,  C.  II.,  and  Ev.\ns,  II.  M.  (1948).  J.  din.  Endocrinol.,  8,  1. 
McGinty,  11.  \.,  Anderson,  L.  P.,  and  ^IcCullougii,  X.  13.  (1939). 

Endocrinology,  24,  829. 

McXee,  j.  W.  (1950).  Brit.  mcd.  J.,  i,  113. 

Muhebock,  O.  (1940).  Acta  brev.  ncerl.  Physiol,  10,  42. 

Munson,  P.  L.,  (;ai.lagher,  T.  F.,  and  Kocii,  F.  C.  (1944).  J.  bioL 
Chem.,  152,  07. 

Perlman,  P.  L.,  and  Leonard,  S.  L.  (1947).  Proc.  Soc.  exp.  Biol 
N.Y.,  66,  24. 

PiNCUS,  G.  (1943).  Endocrinology,  32,  170. 

PiNCUS,  G.  (1943).  .7.  din.  Endocrinol,  3,  301. 

PiNCUS,  G.  (1945).  J.  din.  Endocrinol,  5,  -01. 

♦PiNCUS,  G.,  and  Pearlman,  W.  IL  (1943).  I  itamins  and  Hormones, 

PiNCuW  G.,  Wheeler,  G.,  Young,  (i.,  and  Zaiil,  P.  A.  (1930).  J. 

Price,  W.  H.,  Slein,  M.  W.,  Colowick,  b.  P.,  and  Com,  G.  1.  (1940). 
Ecd.  Proc.,  5,  150. 

♦Reichstf.in,  T.,  and  Siioppke,  C.  W.  (19«).  Vilamim  and  Hormones, 

•Robson^J.  M.  "Recent  Aclyanees  in  Sex  and  Reproductive 

Phvsioloffv”  (3rd.  Edit.).  Cluirclnll,  London.  ,  ,  ^  •  , 

Robson,  j  fL 

RoBSo"i.;*™d  l.o„N,  E.  ...  (.«5»).  J.  PI„s!ol.  lln  the  press.) 
sIaup-tt  L  H  (1940).  J.  biol.  Chem.,  lol,  M)l. 

bARETT,  L..  I  lAi.onTvN  (i  F  (1938).  J .  biol.  Chcm.,  126, 

Ich;”^  Do^L'N,  rI'l  M— . 

ScHUMlNiril.  (1940).  Klin. 

Selye,  IL  (1942).  t  -'-7 

‘ntptye  H  (1942).  Rev.  Canad.  Biol,  1,  01 

Selye’,  IL  (1940).  J.  cHn.  Endocriiml,  6,^^ 

Selye,  IL  (1949).  Bnt.  mcd.  V ' 

^rTYF  11  (1949).  Practitioner,  166, 

J5EIAP.,  11-  I*-'*  /  jr„^nrr  no  ..  5, 


ermeier,  M  - 

1,IK  .  - 

"(iMO).  ’r.ancel,  ii,  f.219-  W.  (h  J- 

Srebe,  1>.  .V.  CiiAiKoiT,  I.  L.,  an,l 

Chem.,  176,  829.  ,  r  ;;  sao 

SWYER,  G.  I.  M.  (li'W)-  »"'•  >"«'•  "•  •  ■ 


119 


.S'  YNTHETIC  (ESTIiOGENS 


Talbot,  N.  B.,  Berman,  R.  A.,  and  MacLachlan,  E.  A.  (1942).  J. 
biol.  Chem.,  143,  211. 

Tepperman,  J.,  and  Tepperman,  H.  M.  (1947).  Endocrinology,  41, 


187. 


Thorn,  (i.  W.,  Forsham,  P.  H.,  Prunty,  F.  T.  G.,  and  Hills,  A.  G. 

(1948).  ./.  Amer.  med.  Ass.,  137,  1005. 

Thorn,  G.  W.,  and  Bayles,  T.  B.  (1949).  Practitioner,  163,  365. 
Ungar,  G.  (1947).  J.  Endocrinol.,  5,  liii. 

Venning,  E.  H.,  Evelyn,  K.  A.,  Harkness,  F:.  V.,  and  Browne,  J. 

S.  L.  (1937).  J.  biol.  Chem.,  120,  225. 

Venning,  E.  II.,  and  Kazmin,  V.  E.  (1946).  Endocrinology,  39,  131. 
Venning,  E.  H.,  Kazmin,  V.  E.,  and  Bell,  J.  C.  (1946).  Endo¬ 
crinology,  38,  79. 

♦Verzar,  F.  (1939).  “Die  Funktion  der  Nebennierenrinde.”  Benno 
Schwabe  and  Co.,  Basel. 

Verzar,  F.,  and  Montigel,  C.  (1942).  llelv.  chim.  Acta,  25,  22. 

Vogt,  M.  (1947).  J.  Endocrinol.,  5,  Ivii. 

Westphal,  U.  (1944).  Z.  Physiol.  Chem.,  281,  14. 


SYNTHETIC  (ESTROGENS 


The  main  advantage  of  synthetic  oestrogens  over  the  naturally 
occurring  compounds  is  that  they  are  also  active  when  given 
orally.  Ethinyl  cestradiol,  a  synthetic  derivative  of  oestradiol, 
is  also  orally  active.  It  was  first  described  in  1938  by  Inhoffen 
and  Hohlweg  but  has  only  been  extensively  used  during  the  last 
few  years. 

The  main  synthetic  oestrogens  are  stilbocstrol,  diena'Strol,  hex- 
oestrol  and  triphenyl  ethylene  derivatives,  of  which  DBE  is  the 


most  interesting.  Benzoestrol,  which  has  a  structure  reminiscent 
of  hexoestrol,  was  prepared  by  Stuart  and  Tallmann  in  1942. 
The  older  synthetic  oestrogens,  with  the  exception  of  ethinyl 
oestradiol,  require  no  discussion  here.  Solmssen  (1945)  gives  a 

masterly  review  of  the  synthetic  oestrogens  discovered  up  to  that 
year. 

Many  additional  compounds  have  been  prepared  since  then. 
The  most  interesting  and  active  ones  are  doisvnolic  acid  and  its 
derivatives,  and  derivatives  of  allenolic  acid.  These  two  compounds 
wer^e  so  named  after  Doisy  and  Allen  respectively.  Doisvnolic 
acid  was  prepared  by  Miescher  (1944)  and  has  the  general  steroid 
btructure,  mth  the  fourth  ring  opened  up.  It  has  been  fullv 
synthesized  by  Anner  and  Miescher  (1947).  Allenolic  acid  and  its 
derivatives  were  prepared  by  Horeau  and  Jacejnes  (1947)  The 
ormula  of  this  substance  can  be  written  as  shown  on  p.  120  and 
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THE  GONADS  AND  ADRENAL  CORTEX 


its  general  resemblance  to  a^stradiol  can  be  seen,  though  the  opening 
of  the  rings  has  been  carried  one  stage  further  than  in  doisynolic  acid. 

These  new  oestrogens  are  being  tested  clinically  but  there  is, 
as  yet,  no  indication  that  they  possess  any  advantages  over 
substances  like  stilboestrol  and  dienoestrol. 
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Clinical  Use  of  Ethinyl  (Estradiol 
This  is  probably  the  most  active  oral  cestr<^en  in  tl.e  human 
subject,  ami  its  properties  are  reviewed  by  I  lionipson  (19t8). 
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At  first  the  doses  used  clinically  were  too  high  and  fre(iuently 
produced  toxic  reactions,  and  it  is  now  recognized  that  lower 
doses  are  effective  and  rarely  produce  undesirable  side  effects. 
^Vhen  the  amount  giv'en  per  day  is  above  0.1  mg.  nausea, 
vomiting,  headaches,  congestive  vaginal  bleeding,  and  tingling 
and  sensitivity  of  the  breasts  and  nipples  are  frequently  seen  in 
women.  In  men  gastro-intestinal  disturbances  are  usually  absent 
even  with  high  doses,  but  there  is  some  tendency  to  gynecomastia. 
Toxic  effects  in  women  are  rarely  seen  with  doses  of  30  fxg.  per  day 
or  less.  During  pregnancy  and  shortly  after  term  women  appear 
to  tolerate  large  doses  well.  For  example  Kurzrok  (1948)  ad¬ 
ministered  0,3  mg,  of  ethinyl  oestradiol  every  two  hours  for  periods 
up  to  72  hours  in  order  to  produce  evacuation  of  the  products  of 
conception  in  cases  of  missed  abortion.  The  results  were  good  and 
no  untoward  reactions  were  observed,  Jeffcoate  et  al.  (1948) 
investigated  the  value  of  the  drug  in  the  inhibition  of  lactation. 
Satisfactory  effects  were  obtained  with  total  doses  of  ().7.'5  to  1.3 
mg,  spread  over  seven  days.  No  ill  effects  were  noted.  These 
authors  found  that,  by  this  test,  ethinyl  oestradiol  is  at  least  50 
times  as  active  as  stilbrcstrol.  The  relative  activities  of  some  other 
synthetic  oestrogens  are  discussed  by  Bishop  ct  al.  (1948). 

It  is  not  intended  to  review  here  the  uses  of  oestrogens  (these  are 
discussed  in  the  book  edited  by  Greene,  1948).  It  seems  clear  that 
ethiny  1  oestradiol  can  be  used  for  all  purposes  for  which  oc'strogen 
treatment  is  necessary.  Ihe  dosage  has  to  be  carefully  considered 
in  e\er^  case.  It  is  likely  that  in  the  treatment  of  menopausal 
symptoms  amounts  of  30  ^g.  per  day,  or  less,  may  be  adecpiate, 
and  that  unless  this  is  recognized  toxic  effects  mav  be  unnecessarily 
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CHAPTER  6 


THE  THYROID 


The  thyroid  was  the  first  endocrine  gland  to  be  discovered 
and  its  active  principle,  thyroxine,  was  identified  by  Kendall  and 
synthesized  by  Harington  and  Barger.  Recent  work  with  radio 
iodine  (see  Chap,  16)  has  thrown  further  light  on  the  production 
of  thyroxine  in  the  body.  (See  review  by  Rawson  and  MacArthur, 
19-i7.)  Important  advances  have  also  been  made  in  the  synthesis 
and  clinical  use  of  antithyroid  substances. 


The  Synthesis  of  Thyroxine 
When  a  small  amount  of  iodine  is  administered,  most  of  it  is 
rapidly  taken  up  by  the  thyroid  gland  and  by  means  of  the 
autoradiograph  technique  (see  Chap.  16)  it  can  be  shown  that  the 
iodine  is  deposited  in  the  colloid.  The  experiments  of  Leblond  and 
Gross  (lOIS)  suggest  that  the  circulating  iodide  is  continuously 
being  bound  to  protein  in  the  cytoplasm  of  the  thyroid  cells,  and  that 
the  thyroglobulin  so  formed  is  then  deposited  in  the  colloid  of  the 
thvroid  follicles.  The  circulating  thyroid  hormone,  according 
to‘  Taurog  and  Chaikoff  (1948),  consists  of  thyroxine  loosely 
attached  to  plasma  protein  (probably  mainly  a-globuhn  and 
albumen,  and  to  a  less  extent,  ^-globulin).  Small  amounts  of 
iodine  are  also  taken  up  by  other  tissues,  especially  the  lungs  and 

kidneys  (Ariel  et  aL,  1941).  4.  i 

The  administration  of  thyrotropic  hormone  causes  hypertroph) 
and  hvperplasia  of  the  thyroid  gland  and  also  increases  its  capacity 
to  take  up  iodine.  Thus  Stanley  and  Astwood  (1949)  found  that  m 
normal  human  subjects  the  administration  of  thyrotropin  was 
followed,  8  hours  later,  by  an  increase  in  the  uptake  of  radio  iodine 
bv  the  thvroid  gland  ;  this  increase  attained  a  nmximuni  in 
hiurs  and  returned  to  the  pre-injeetion  levels  in  days.  It  is 
interesting  that  iodine  stored  in  the  thyroid  is  also  more  rapidly 
relelJeil,  probablv  as  thyroxine,  under  the  inlhienee  of  thyrotropic 
hormone  Hence  this  hormone  appears  to  control 
and  the  discharge  of  iodine  from  the  thyroid  gland  (Rawson 
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Sliovviiif.  the  deposition  of  iodine  in  tliyroid  follieles. 
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SYXTIIESJS  OF  TIIYFOXIXF 

MacArthur,  1947).  In  hypophysectoniized  animals,  in  whicli  no 
thyrotropic  hormone  is  of  course  produced,  less  iodine  is  stored 
by  the  thyroid,  though  still  much  more  than  in  other  tissues 

(Leblond  and  Siie,  1941). 

I ~ 

H0<('  )>CH2.CH  NH2.COOH  — H0<\  ^CH2.CHNH2.C00H 

1 

Tyrosine  Diiodotyrosine 

I  I 

— "  ^CH2.CHNH2.C00H. 

I  I 

Thyroxine 


Iodine  is  taken  up  by  the  thyroid  giand  much  better  in 
hyperthyroid  than  in  hypothyroid  patients  (Keating  et  aL, 
1947),  or  than  in  normal  individuals  (Stanley  and  Astwood,  1948) ; 
this  was  shown  in  experiments  with  radio  iodine.  Studies  with 
radio  iodine  also  support  the  view  that  thyroxine  is  formed  from 
tyrosine  which  is  first  iodinated  to  monoiodotyrosine  (Fink  and 
link,  1948;  Taurog  et  aL,  1949),  then  to  diiodotyrosine,  and 
finally  converted  to  the  thyroid  principle.  Tliis  series  of  changes 
can  be  lollowed  not  only  in  intact  thyroid  glands  but  also  in 
slices  of  the  organ  surviving  in  vitro.  Wlien  iodine  is  given  to 
animals  or  man  much  of  it  is  fixed  hy  the  thyroid,  in  which  it  is 
found  in  the  form  of  inorganic  iodine,  diiodotyrosine  and  thyroxine. 
After  some  time  a  greater  proportion  of  the  administered  iodine  is 
found  as  thyroxine,  which  has  been  formed  from  diiodotyrosine 
(Mann  et  aL,  1942).  The  administration  of  an  excessive  amount  of 
iodine  to  rats,  however,  inhibits  the  formation  of  organically 
bound  iodine  in  tlie  thyroid  gland,  hy  inhibiting  both  the  ineor]K)ra- 
tion  of  iodine  into  diiodotyrosine  and  the  conversion  of  this 
compound  to  thyroxine.  This  too  has  been  demonstrated  by  the 
administration  of  radio  iodine  (\Vollf  and  Chaikoff,  1948).  It  is 
possible  that  this  may  explain  the  remarkable  action  of  iodine  in 
inhibiting  the  excessive  thyroid  activity  in  exophthalmic  goitre. 
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Of  very  great  interest  is  the  finding  that  thyroxine  can  be  formed 
not  only  in  the  thyroid  but  also  by  tissues  outside  this  gland,  an 
important  discovery  also  achieved  by  the  use  of  radio  iodine 
(^Morton  et  al.,  1943).  These  investigators  administered  iodine  to 
completely  thyroidectomized  rats,  and  24  to  90  hours  later  found 
that  as  much  as  30  per  cent  of  this  iodine  was  present  in  organic 
combination.  By  careful  chemical  analysis  they  were  able  to  show 
that  this  organic  material  contained  both  diiodotyrosine  and 


Showing  the  relative  specific  radio-activities  in  tlie  thyroid  gland 
ol-  dogs  at  various  periods  after  the  injection  of  radioactive  iodine. 

(After  Mann  et  al.,  1942.) 


thvroxine.  This  finding,  which  is  now  being  further  investigated, 
naturally  raises  the  question  whether  the  metabolic  activities 
which  occur  in  the  absence  ol'  the  thyroid  are  not,  to  some  extent, 
controlled  by  thyroxine  formed  outside  the  thyroid  gland. 

Ilarington  (1947)  believes  that  it  can  now  be  concluded  that 
tlm  ip  in  the  biosynthesis  of  thy^xine  is  Bie  lib^^. 

of  iodine  from  iodide  by  an  enzymic  oxidizing  system.  If  tl 
occurs  in  living  tissue,  in  wliioli  tyrosine  is  present,  tins  ammo  acid 
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is  first  converted  to  diiodotyrosine  and  the  iodine  then  oxidizes 
the  latter  to  tliyroxine. 

Thyroxine  is  continually  being  formed  by  the  thyroid,  and  it  is 
rapidly  excreted  into  the  intestine  by  the  liver.  This  has  been 
shown'  by  injecting  rats  with  thyroxine  containing  radio  iodine  and 
following  its  fate  in  the  body  (Gross  and  Leblond,  1947). 


lodinated  Proteins 

A  recent  development,  which  may  prove  ot  great  practical 
importance,  is  the  finding  that  by  the  iodination  of  tyrosine  rich 
proteins,  such  as  casein,  a  product  is  obtained  which  contains 
thyroxine  and  exhibits  the  biological  activity  of  thyroid  hormone. 
This  was  first  demonstrated  by  Ludwig  and  Mutzenbccher  (1939), 
and  the  subject  is  reviewed  by  Reineke  (1946),  who  describes  the 
extensive  chemical  work  that  has  been  done  to  determine 
the  optimum  conditions  for  iodination.  By  careful  control  of  the 
conditions  it  is  now  possible  to  produce  consistently  preparations 
containing  3  to  4  })cr  cent  of  thyroxine,  as  determined  by  either 
chemical  analysis  or  biological  assay  (Reineke  et  aL,  1945).  It  still 
remains  to  be  proved  definitely  that  all  the  biological  activity  in 
the  material  is  due  to  its  thyroxine  content. 

These  artificial  preparations  are  active  when  administered  either 
orally  or  parenterally  but  hardly  any  clinical  work  has  been  done 
Avith  them,  although  this  seems  desirable  now  that  highly  active 
})reparations  are  available.  Successful  responses  in  myxoedema 
and  cretinism  were  described  in  1939  by  Lerman  and  Salter,  and 
more  recently  De  Gennes  and  Deltour  (1948)  have  described  the 
A  alue  of  iodocaseins  containing  up  to  1 .7  per  cent  of  thyroxine  in 
eases  of  hypothyroidism.  These  authors  point  out  that  these 
substances  haAe  a  stronger  effect  on  myxoedema  than  thyroid 
preparations,  Avithout  causing  unpleasant  side-effects,  such  as 
palpitations,  tachycardia,  diarrhoea  and  nervous  irritability. 
Hamilton  and  his  co-workers  (quoted  by  Kelsey  et  aL,  1949) 
(  escribe  the  use  of  iodocasein  labelled  with  radioactive  iodine  in 
the  treatment  of  a  case  of  myxoedema. 

A  fair  amount  of  work  has  been  done  on  the  possible  use  of 
lodinated  proteins  in  farm  animals.  Thus  it  has  been  shown  that 
the  feeding  of  earefully  regulated  doses  of  such  substances  to  cows 
UK  echning  lactation  causes  an  increase  in  the  milk  yield,  and  the 

t  content  of  the  milk  is  appreciably  increased.  The  milk  does  not 
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contain  any  quantities  of  thyroxine  detectable  by  biological- 
methods  (Reineke,  1946  ;  Blaxter,  1945).  A  similar  effeet  can  be 
produced  by  the  feeding  of  synthetic  /-thyroxine  to  cows  (Bailey 
et  al.,  1949).  There  is  also  evidence  that  the  summer  decline  in 
egg  production  in  liens  can  be  prevented  to  a  great  extent  by 
feeding  them  with  optimum  amounts  of  iodinated  protein,  but 
this  requires  confirmation  (Reineke,  1940). 

Antithyroid  Substances 

Up  to  a  few  years  ago  the  only  methods  available  for  the 
treatment  of  hyperthyroidism  were  either  removal  of  part  of  the 
thyroid  gland  or  the  administration  of  iodine.  The  latter,  however, 
produces  only  temporary  benefits,  and  is  used  only  as  a  preliminary 
to  operation.  The  discovery  of  substances  which  influence  the 
functional  activity  of  the  thyroid  therefore  represents  an  important 
advance,  though  their  exact  place  in  therapeutics  is  still  a  matter  of 
controversy.  By  the  use  of  radio  iodine  it  has  been  possible  to 
elucidate,  to  some  extent,  the  mechanism  by  which  various  anti¬ 
thyroid  substances  produce  their  effect. 

Discovery 

The  discovery  of  antithyroid  substances  really  dates  back  to 
1928,  when  Chesney  et  al.  (1928)  found  that  in  their  colony  of 
rabbits,  which  were  being  fed  mainly  on  cabbage,  many  animals 
developed  hyperplasia  of  the  thyroid  gland  ;  tlie  significance  of 
this  was  at  first  not  realized  ;  later  similar  effects  were  also  found 
in  animals  fed  with  other  plants  of  the  Brassica  Genus.  These 
plants  are  known  to  contain  nitrile  derivatives,  and  shortly 
afterwards  Marine  and  his  co-workers  (1932)  found  that  the 
administration  of  acetonitrile  to  rabbits  caused  striking  hyper¬ 
plasia  of  the  gland. 

For  a  period  no  further  progress  was  made  but  in  the  early  1940’s 
several  new  goitrogenic  substances  were  discovered,  including  to 
begin  with,  sulphaguanidine  and  later,  allylthiourea  and  thiouiea 
(Mackenzie  et  al,  1941;  Richter  and  Clisby,  1942;  Kennedy, 
1942).  Astwood  and  his  co-workers  confirmed  and  extended  these 
observations  (Astwood  et  al,  1943)  and  showed  that  these 
substances  interfered  with  the  synthesis  of  the  thyroid  hormones 
in  the  thyroid  gland,  but  did  not  antagonize  the  action  of  the 
thyroid  hormone  in  tissues.  Astwood  investigated  a  large  number 
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of  other  substances  and  was  the  first  to  apply  Ins  results  to  the 
treatment  of  human  thyrotoxicosis  (Astwood,  1948)  ;  he  observed 
that  the  effect  came  on  after  a  latent  period  of  one  to  two  weeks. 
At  present  thiouracil  derivatives  are  the  substances  most  com¬ 
monly  used,  but  work  is  actively  proceeding  to  produce  less  toxic 
and  more  active  substances. 

When  these  substances  are  given  to  animals  they  produce 
the  characteristic  signs  of  thyroid  hypofunction,  including  a 
gradual  reduction  in  the  basal  metabolic  rate,  a  decreased  food 
intake  and  an  impairment  of  growth  and  development.  The 
thyroid  gland  becomes  enlarged  and  shows  colloid  loss,  increased 
vascularity  and  increase  in  the  height  of  the  acinar  epithelium. 

Mechanism  of  Action  of  Antithyroid  Substances 

It  is  clear  that  antithyroid  substances  like  thiourea  and  thio¬ 
uracil  produce  their  effect  by  inhibiting  the  conversion  of  iodine 
to  diiodotyrosine  and  thyroxine.  The  taking  up  of  inorganic  iodine 
is  apparently  not  affected,  but  only  its  conversion  to  organic 
iodine  (Taurog  et  ah,  1947  ;  Vanderlaan  and  Vanderlaan,.  1947  ; 
Stanley  and  Astwood,  1948).  The  effect  of  these  goitrogens  on  the 
formation  of  thyroxine  has  been  demonstrated  both  in  vitro  and 
in  vivo  (Franklin  et  ah,  1944).  The  in  vivo  experiments  were 
performed  on  rats  :  the  animals  were  fed  on  thiouracil  for  a  week, 
injected  with  radio  iodine  and  killed  48  hours  later.  The  thyroids 
contained  about  half  the  amount  of  radio-thyroxine  and  about 
one  third  the  amount  of  radio-diiodotyrosine  found  in  normal 
glands. 

The  effect  on  the  uptake  of  radio  iodine  by  the  thyroid  has 
been  used  as  a  method  of  estimating  the  relative  efficiency  of 
various  goitrogenic  substances.  IMarked  effects  were  produced 
both  in  rats  and  chicks  by  benzyl  thiouracil,  propyl  thiouracil  and 
thiouracil  (McGinty  and  Rawson,  1947).  The  method  has  proved 
particularly  useful  in  evaluating  the  effect  of  these  drugs  in  man. 
Ihus  Stanley  and  Astwood  (1947)  determined  the  rate  of  ac¬ 
cumulation  of  iodine  by  the  thyroid  of  normal  subjects  by  serial 
counts  with  a  Geiger-Muller  counter  placed  on  the  thvroid  recrion 
and  showed  that  the  ujitake  was  reduced  by  a  number  of  anti¬ 
thyroid  drugs.  They  found  a  close  correlation  between  the 
results  so  obtained  and  those  recorded  in  clinical  trials 

An  important  feature  of  the  action  of  these  substances  in  animals 
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is  tiie  enlargement  of  the  thyroid  gland  which  is  produced.  The 
mechanism  of  this  effect  is  probably  as  follows  :  Normally,  the 
secretory  activity  of  the  thyroid  is  maintained  by  the  thyrotropic 
hormone  of  the  anterior  pituitary  gland.  The  output  of  this 
hormone,  however,  is  itself  regulated  by  the  concentration  of 
thyroid  hormone  in  the  circulation.  If  the  formation  of  thyroxine 
is  inhibited  by  a  substance  like  thiouraeil,  then  the  inhibition  of 
the  anterior  pituitary  will  be  removed  and  the  output  of  thyro¬ 
tropic  hormone  will  be  increased  ;  this  in  turn  will  produce  a  gland¬ 
ular  hyperplasia  of  the  thyroid.  There  is  much  experimental 
evidence  in  support  of  this  view,  including  the  finding  that  thy¬ 
roxine  inhibits  the  secretion  of  thyrotropic  hormone ;  in  addition 
thyroxine  also  depresses  the  response  of  the  thyroid  to  thyro¬ 
tropin  (Cortell  and  Rawson,  1944). 

The  mode  of  action  of  some  other  antithyroid  substances  has 
also  been  investigated.  The  effects  of  potassium  thiocyanate, 
which  has  been  used  in  the  treatment  of  hypertension,  are  of 
some  interest.  The  results  obtained  by  different  investigators 
are  not  all  in  agreement,  but  suggest  on  the  whole  that  the  drug 
inhibits  the  uptake  of  iodine  by  the  thyroid  rather  than  its  con¬ 
version  to  thyroxine  (see  Kelsey  ct  al.,  1949). 


Absorption,  Distribution  and  Excretion  of  Antithyroid 

Drugs  .  .  ,  •  •  n 

Thiouraeil  is  rapidlv  absorbed  from  the  intestine  both  in  animal) 

and  man.  Thus  it  is  present  in  the  blood  (about  2  mg.  per  100  ml.s 
some  15  minutes  after  its  administration  to  a  tasting  man 
(Williams  and  Kav,  1944  ;  Williams  et  aL,  1944).  The  drug  is 
distributed  throughout  the  body  duids  including  the  cerebrospinal 
fluid  but  its  concentration  in  the  red  cells  is  several  times  ng  ler 
than’ in  the  plasma.  Milk  contains  about  three  times  as  much  as 
the  blood,  and  the  drug  passes  through  the  placenta  Producing 
significant  concentrations  in  tl>e  tetns.  It  .s  rapnlly 
tte  urine,  the  maximnnr  excretion  occnrrmg 
},onr  after  ingestion,  and  it  is  almost  complete 
Some  of  the  drug  is  destroyed  in  the  body.  IMcGinty  et  al.  (1.  ) 

have  shown  that  in  man  about  -H)  per  cent  of  th.ourac.l  ' 

thionracil  arc  excreted  in  the  urine  w.tlnn  21  hours.  Not  more 
than  19  per  cent  of  propylthiouracil  and  noi  lip 

eompoum!  are  excreted  in  'the  free  form  in  the  same  penod.  I  hese 
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results  show  that  bcnzylthiouracil  and,  to  a  lesser  extent,  propyl- 
thiouraeil  are  conjugated  in  the  body  and  eliminated  as  an  acid 
hydrolysable  complex  of  unknown  nature. 

Thiouracil  derivatives  accumulate  in  the  thyroid  gland,  but 
there  is  no  definite  correlation  between  the  amount  of  drug  in  the 
thyroid  and  its  antithyroid  activity.  In  a  patient  treated  with 
thiouracil  who  died  suddenly,  the  drug  was  found  to  be  con¬ 
centrated  in  the  adrenals,  ovaries,  spleen  and  liver  (\Villiams  and 
Kay,  1947). 


Clinical  Use 

There  is  still  much  controversy  about  the  place  of  thiouracil 
and  its  derivatives  in  the  treatment  of  hyperthyroidism.  The  use 
of  these  drugs  is  discussed  by  Himsworth  (1948).  The  disease  can 
easily  be  controlled,  but  toxic  effects  are  not  uncommon  (10-20 
per  cent  of  cases),  are  sometimes  serious,  and  may  even  be  fatal. 
Hence  some  authorities  believe  that  these  drugs  should  be  usetl 
only  to  prepare  patients  for  operation.  Others  believe  that,  if 
proper  precautions  are  taken,  they  are  suitable  for  full  treatment 
of  the  disease,  and  point  out  that  the  operative  risk  is  by  no  means 
negligible,  especially  in  unskilled  hands. 

Administration  of  the  drug  produces  no  great  change  in  the 
size  of  the  thyroid,  but  symptoms  are  generally  relieved.  The 
metabolic  rate  falls,  usually  to  normal,  and  the  body  weight 
increases.  Tachycardia  disappears  slowly  but  there  is  usually 
little  effect  on  the  exophthalmos.  In  contrast  to  iodine  therajiy 
there  is  no  tendency  to  “escape”  during  continued  administration. 
The  auricular  fibrillation  in  thyrotoxicosis  can  freipiently  be 
converted  to  normal  sinus  rhythm  by  administration  of  thiouracil 
compounds  (see  Goodwin,  1949). 


Dosage 

Ihe  dose  has  to  be  carefully  considered.  At  first  large  doses  of 
thiouracil,  i.e.  1.0  gram  per  day  or  more,  were  used  and  toxic 
effects  were  common.  It  was  soon  found,  however,  that  beyond 
a  certain  point,  increase  in  dose  does  not  increase  the  effectiveness 
of  the  drug  and  nowadays  the  treatment  is  usually  started  with 
smaller  doses,  e  g.  200  mg.  of  methyl  thiouracil  per  dav,  and  this  is 
c  eercased  to  a  daily  niaintenance  dose  of  25,  50  or  at  most  100  mg. 
per  day  (Himsworth,  1948).  ^ 
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Toxic  Effects 

The  treatment  has  to  be  continued  for  a  long  time,  several 
months  or  more,  and  even  then  relapses  are  frequent  and  occur 
at  various  periods  after  the  end  of  treatment.  The  patient  has  to 
be  watched  carefully  as  toxic  reactions,  many  of  them  allergic 
in  type,  may  occur,  sometimes  very  suddenly.  Mild  toxic  effects 
such  as  fever,  urticaria,  conjunctivitis,  nausea,  etc.,  are  controlled 
when  the  drug  is  withdrawn  or  the  dosage  reduced.  Serious 
reactions  involve  the  blood  forming  organs  and  may  include 
agramdocytosis  in  2  per  cent ;  25  per  cent  of  these  cases  are  fatal, 
i.e.  0.5  per  cent  of  the  total.  Neutropenia  does  not  necessarily 
lead  to  agranulocytosis  which  may,  however,  occur  without  any 
warning  neutropenia.  Every  patient  should  be  aware  of  these 
possibilities,  and  on  the  appearance  of  fever  or  of  a  sore  throat, 
thiouracil  therapy  should  be  stopped,  the  doctor  should  be 
informed  and  the  blood  examined.  If  granulocytes  are  few  or 
absent,  large  doses  of  penicillin  should  be  given. 

The  value  of  antithyroid  drugs  in  preparation  for  surgery  has  been 
firmly  established.  Treatment  should  be  continued  until  the  thyroid 
function  is  normal  and  in  some  patients  it  may  take  months  before 
operation  can  be  safely  undertaken.  Tiie  treatment,  however,  leaves 
the  thyroid  in  a  liyperplastic  and  vascular  condition  which  makes 
the  operation  technically  difficult.  This 

come  by  the  simultaneous  administration  of  iodine  and  it  s  now 
generally  recommended  that  iodine,  in  the  form  of  Lugol  s  solution, 
L  given  for  some  three  weeks  before  the  operation,  except  m 
Ltfents  ill  crisis  or  near  crisis  states,  who  need  immediate  adminis- 
ration  o  iodine  (Bartels.  1948  ;  Lahey  and  Bartels,  1947  i  C.rauer 
Tal  1948)  .\n  iodinated  compound,  5-iodo-li-thiouracil,  possesse 
the  actffins' both  of  iodine  and  of  thiouracil  on  the  thyroid,  and 
it  has  been  suggested  that  it  might  be  suitable  for  the  preparation 
of  thyrotoxic  patients  for  thyroidectomy  (Williams  r/  ni.,  1949). 


Value  of  Different  Compounds 

CH, 

II 
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A  number  of  other  compouiuls  have  been  made  and  tested  in 
the  liope  of  finding  one  whieh  will  be  more  potent  and  less  liable 
to  produee  serious  toxie  effects.  Whlliams  (1947)  gives  details  of  a 
clinical  comparison  of  various  substances.  Some  results  suggest 
that  methylthiouracil  (Barfred,  1947  ;  Meulengracht  and  Kjerulf- 
Jensen,  1948)  and  n-propyl-thiouracil  (Astwood  and  Vanderlaan, 
1945)  are  more  satisfactory.  Thus  McCullagh  et  ol.  (1947)  used 
the  propyl  compound  in  215  cases  for  an  average  of  eight  months, 
and  on  some  cases  for  periods  up  to  14  months,  with  no  agranulo¬ 
cytosis  (see  Chart  II  in  this  paper).  The  results  of  Bartels  (1948) 
too,  suggest  that  propylthiouracil  is  less  toxic  than  thiouracil  or  its 
methyl  derivative.  According  to  Himsworth  (1948),  however, 
there  is  little  to  choose  between  thiouracil,  methylthiouracil  and 
propylthiouracil. 

There  are  reports  that  vitamin  A,  in  massive  doses  (up  to 
400, 000  i.u.  per  day),  controls  exophthalmic  goitre  but  this  needs 
lurtlier  investigation  (Simkins,  1947).  The  possible  mechanism  of 
this  effect  is  discussed  by  Sadhu  and  Brody  (1947). 

Ihiouraeil  and  its  derivatives  have  been  used  in  the  treatment  of 
various  other  conditions  including  angina  pectoris  (Raab,  1945  ; 
Sehoenewald,  1948)  and  in  eases  of  congestiv^e  heart  failure  not 
responding  to  other  forms  of  treatment  (Sharpey-Schafer,  1946). 


Radio  Iodine 

Metabolism 

The  use  of  radio  iodine  in  thyroid  disease  is  reviewed  by  Kelsey 
el  al.  (IM!)),  wlio  also  discuss  tlic  fate  of  radio  iodine  in  the  body. 
It  IS  rapidly  alisorbod  in  the  stomach  and  can  be  detected  in  the 
human  hand  witliin  .3-6  minutes,  .\bont  75  per  cent  of  the  drug 
IS  absorbed  m  the  gastro-intestinal  tract  in  one  hour  and  absorption 
IS  apparently  complete  in  three  hours.  There  is  evidence  that  radio 
iodine  IS  distributed  throughout  the  extracellular  fluids.  Some  of 

s  nee  Pfi'h'ilily  sccretcd  back  into  the  stomach, 

iodine  in  radio 

lo^iie  m  high  concentrations  when  it  is  injected  intravenously 
he  eoneentration  m  the  blood  rises  to  a  maximum  within  an 

-s  “  ;„r 
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the  ovaries,  pituitary,  luugs,  kidneys,  liver  and  muscles  also 
take  np  small  amounts  of  radio  iodine.  The  “clearance”  of  radio 
iodine  by  the  thyroid  has  been  determined  by  Myant  et  al.  (11)41)) 
by  doing  counts  over  the  region  of  the  thyroid,  from  which  the 
iodine  content  of  the  gland  ean  be  estimated.  Blood  samples  arc 
removed  and  their  iodine  content  determined.  From  these  figiires 
the  rate  of  clearance  of  iodine  from  the  blood  can  be  calculated. 
In  normal  subjects  about  1(3  ml.  of  i)lasma  are  cleared  of  iodide 
per  minute  by  the  thyroid.  In  untreated  thyrotoxic  patients  the 
clearance  rate  averaged  486  ml.  per  minute,  ranging  from  2()()-14()() 
ml.  [)er  minute.  The  renal  clearance  rate  for  plasma  radio  iodide 
averaged  about  30  ml.  per  minute  in  both  normal  and  thyrotoxic 
subjects.  The  authors  believe  that  the  thyroid  clearance  test  is  a 
more  sensitive  and  direct  measure  of  iodine-collecting  activity  than 
previous  tests  based  on  radio  iodine,  and  may  prove  of  greater 
value  than  the  basal  metabolic  rate  in  diagnosing  minor  degrees 
of  thvrotoxicosis. 


In  normal  subjects  a  large  part  of  an  ingested  dose,  i.e.  about  70 
per  cent,  is  excreted  in  the  urine  within  48  hours,  after  which  time 
only  minute  quantities  are  excreted.  In  myxaxlema  a  higher 
proportion  of  the  dose  (up  to  90  per  cent)  is  recovered  in  the  urine, 
while  in  hyperthyroidism  smaller  or  much  smaller  amounts  arc 
usuallv  excreted '  by  the  kidneys  (Keating  et  al.,  1947).  The 
excretion  of  radio  iodine  is  being  investigated  as  a  method  of 
diagnosis  in  thvroid  disease.  A  dose  of  not  more  than  10  miero- 
curies  given  orally  is  sullicient  and  can  be  safely  used  as  a  routine 
procedure.  The  method  jirovides  a  satisfactory  diagnostic  aid  m 
cases  of  doubtful  thyrotoxicosis.  Impairment  of  the  renal  function 
however,  makes  interpretation  of  the  excretion  curve  diflicult  and 
mav  invalidate  the  result  (Mason  and  Oliver,  1949  ;  Arnott  «/., 


1949). 


been  use.l  in  the  treat.nent  „r 
and  of  ca„cer  of  the  thyroid.  As  the  ^nhstaneej 
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other  tissues  of  the  body  (Hamilton  and  Lawrence,  1942).  Mixtures 
of  the  12  hour  and  8  day  isotopes,  or  the  8  day  isotope  alone,  have 
l)een  administered  in  cases  of  hyperthyroidism  and  a  number  of 
them  have  responded  welt  (Chapman  and  Evans,  1946  ;  Soley  et 
(iL,  1949),  Prinzmetal  et  ol.  (1949)  have  obtained  favourable  results 
ill  cases  of  severe  diffuse  toxic  goitre  with  complications.  Further 


no.  la 


Shov\ing  the  effect  of  a  single  dose  of  radioactive  iodine  (5*^  MCI  in  a 

iodide  produced  extensive  dermatitis. 

(After  Chapman  and  Evans,  194U.) 

work  is  necessary,  es|,ceially  to  detcrniine  wliat  doses  are  safe 
According  to  Haines  et  al  Jr  Je.  ,  n  ^  ^‘^tc. 

res^ltfhave’"  I’"  «■•«'>'  «OhyroicUiss,ri.W,mra^^ 

<lisease  oi  tl.e  ti;;.rokr(SeidM?rt  a!  XcTv'T, 

thyroid  tumours  fin  nnf  r  i  •  i-  '  ^  ^•'f<>rtiniatelv  many 
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however,  that  the  iii)take  of  iodine  by  metastatic  thyroid  tumours 
can  be  favourably  inlluenced  by  thyroidectomy  or  by  injections  of 
thyrotropic  hormone,  wliich  increases  the  avidity  of  tliyroid  tissue 
for  iodine  (Seidlin  et  al.,  1948  ;  Uawson  et  al.,  1948,  1949). 
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CHAPTER  7 


BACTERIAL  CHEMOTHERAPY 


This  is  a  field  which  lias  grown  tremendously  in  the  last  fifteen 
years  and  is  still  expanding.  It  will  only  be  possible  to  deal  with 
certain  aspects  of  recent  developments  within  the  limits  of  the 
space  available.  More  details  will  be  found  in  the  volume  on 
chemotherapy  in  the  Recent  Advances  series,  and  the  publication 
on  “Antibiotic  Substances,  Their  Biological  and  Chemical 
Properties”  published  by  the  Antibiotics  Study  Section  of  the  - 
National  Institute  of  Health  (U.S.A.)  gives,  clearly  and  concisely, 
much  specialized  information,  as  does  the  book  by  Kolmer  (1947). 


Penicillin 

Different  Forms 

The  Story  of  the  discovery  of  penicillin  by  Fleming,  Florey 
and  Chain,  is  now  quite  familiar,  though  it  still  remains  a  very 
remarkable  achievement.  Penicillin  is  obtained  as  a  metabolic 
product  of  various  moulds,  notably  penicillium  notatum.  It  has 
been  synthesized,  but  the  yield  is  small  and  this  is,  at  present 
of  no  practical  value  (Du  Vigneaud  et  al.,  1946). 

The  unit  of  penicillin  is  defined  as  the  activity  of  0.65 ug.  of  the 
master  standard  as  measured  under  standardized  conditions  The 
need  for  an  international  unit  is  particularly  great,  since  there 

activ'itv^n  f"r  f-  r',”''"'"’’  biolnsical 

tance  rf  “  Pfactinal  inipor- 

tanee.  The  separate  pure  penicillins  are  available  only  for 

xperimental  work.  A  pure  preparation,  consisting  of  a  mixtlire  of 

the  various  forms  of  penicillin,  can  be  obtained  as  can  n  o  a 

;«)■:  “  in,ne™“:;:i  r il"" 

<'c.a,ls  of  many  of  the  mvestigatioiis’T'Torl^n’i  'Siii^'^d 
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L.S.A.  during  the  war.  A  short  account  is  given  bv  Chain 
(1948). 

All  known  lornis  of  penicillin  have  the  same  general  formula, 
differing  only  in  one  group.  Their  nomenclature  is  complicated 
by  the  fact  that  different  names  were  used  in  Britain  and  U.S.A.  as 
knowledge  about  them  developed  in  the  rather  secret  atmosphere 
of  the  war  ;  both  nomenclatures  are  given  below'  : — 

Nil 

H  X'" 

11 

O 

General  formula  of  penieillins 


S 


CII 


o/' 


-dh 

-N- 


'C(Cll3)2 

1 

C.  COOH 


Penicillin  IV  (K) 


Some  Forms  of  Penicillin 

(The  American  nomenclature  is  given  in  brackets) 

R  in  the  above  fonnuke. 

A  2-pentenyl.  CII, .  CHj .  CH  =  CH .  CH^ — 

n-aniyl.  CH3.CH2.CH2.CH2.CH2 — 

ben'zyl  C6H5.CH2 — • 

p-hydroxy-  OH.C8H4CH2 

benzvl 

n-heptyl  Cn3CH2CH2CH2CH2CH2CH2- 


Penicillin  I  (F) 
Dihydropenicillin  I  (F) 
Penicillin  II  (G) 
Penicillin  III  (X) 


Activity  and  Metabolism 

The  activity  of  these  various  penicillins  against  different 
organisms  differs  in  vitro,  as  w'ell  as  in  vivo  ;  their  activity  in  vivo 
is  further  complicated  by  the  fact  that  they  are  metabolized  and 
excreted  at  different  rates.  Data  are  given  in  Tables  1  and  2. 
Many  new  biosynthetic  forms  of  penicillin  have  recently  become 
available  through  the  fascinating  investigations  ol  a  group  of 
workers  of  the  Lillv  Research  Laboratories  and  their  collaborators. 
Thev  found  that  Rie  addition  of  certain  chemical  precursors  m 
the  culture  medium  of  the  mould  led  to  their  incorporation  into 
the  penicillin  molecule  (Behrens  et  aL,  1948).  Some  ot  these  new 
penicillins  are  more  active  than  penicillin  II  ;  and  some  of  them 
are  less  toxic  (Rose  et  aL,  1949).  The  possibility  of  producing 
forms  of  penicillin  active  against  penicillin  II  resistant  organisms 

is  also  being  investigated. 
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Tablk  1 

iilioicing  the  relative  activities  in  vitro  of  the  various  forms  of  penicillin 
against  Staphylococcus  Aureus  and  B.  Subtiiis. 


Type  of  penicillin 

Ac'tivity  in  units  per 
Staph.  Aureus 

mg.  against 
li.  Subtiiis. 

II 

1667 

1667 

I 

162.J 

1075 

clihvclro  I 

1610 

1015 

ill 

970 

1450 

IV 

2300 

760 

Table  2 

Shoicing  the  relative  activities  of  the  different  forms  of  peniciliin  against 

various  experimental  infections. 


Type  of  infection 

Therapeutic  aetivitv  relative  to 

Penicillin  II  (G)  as  100. 

I 

II 

III 

IV 

Pneuinocoeeal  infections 
in  mice 

Streptococcal  infections 

83 

100 

160 

19 

in  mice 

T.  pallidum  infections 

50 

100 

260 

9 

in  rabbits 

8 

100 

14 

11  .5 

hen  penicillin  is  given  parenterall y,  it  is  rapidly  excreted  and  a 
urni:  nnehanged  iiT  th: 

inpt  b  ie»iai'i(lcr  IS  rapidly  metabolized  and  the  inactive 

ith  penicillin  IV  tlm  i  i  i  i  i  ^  and  I\  . 

of  peniciliin  IV  Ilian  of  the  other  three  f, 

■Tine.  Similar  results  wL  X  ">  «« 

«-itjects,  injeetcii  with  0.0  n,g  ^  k  X"'”'''*''  "r 

fe  1  er  kg.  oi  the  various  forms  of 
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penicillin.  Thus  a  measurable  blood  eoncentration  was  maintained 
for  only  70  minutes  with  penicillin  IV  and  for  over  two  hours  with 
the  other  penicillins.  This  is  obviously  one  of  the  factors  accounting 
for  the  low  chemotherapeutic  activity  of  penicillin  IV  (K),  and  is 
of  considerable  clinical  importance,  especially  in  the  treatment 
of  syphilitic  conditions.  As  the  methods  of  preparation  and 
purification  of  penicillin  evolved,  one  stage  was  reached  at  which 
certain  batches  of  the  final  material  contained  a  high  proportion 
of  penicillin  IV  (see  “The  Changing  Character  of  Commercial 
Penicillin,”  1946).  This  dilliculty  has  now  been  overcome  and  the 
proportion  of  penicillin  IV  in  most  products  is  now  low.  Much  work 
has  been  done  to  determine  which  form  of  penicillin  is  best  in  the 
treatment  of  infection  and  especially  sy{)hilis,  and  there  is  good 


evidence  for  believing  that  |)enicilhn  II  (C),  or  a  mixed  crystalline 
preparation  containing  a  high  proportion  of  penicillin  II,  is  the 
])reparation  of  choice. 

The  treatment  of  various  forms  of  syphilis  with  penicillin  is 
reviewed  in  the  Journal  of  the  American  Medical  Association 
(1948)  by  the  Syphilis  Study  Section,  National  Institute  ot 
Health,  and  details  are  given  about  dosage  and  duration  ot  treat¬ 
ment.  The  (piestion  of  combining  such  treatment  with  other 
forms  of  medication  (bismuth,  arsenicals)  is  also  discussed. 
In  Britain  it  is  generally  accepted  that  better  results  are  obtained 

with  such  combined  treatment. 

When  gonorrha'a  is  treated  with  penieilhn,  of  which  on  > 
comparatively  small  doses  are  required,  a  simultaneously  or 
previously  acquired  syphilitic  infection  may  be  masked,  and  not 
discovered  until  a  delayed  sore  or  secondary  reactions  are  seen 
or  a  positive  serological  reaetion  appears.  Tins  possib.lit>  must 
be  borne  in  mi.ul  in  the  treatment  of  gonorrbeea  (Fromer  et  a  . 
IMG),  and  it  has  been  suggested  that  patients  in  whom  syp li  s 
is  suspected  should  be  watehed  for  a  |,enod  ol  „ 

dillienltv  mav  be  overcome  by  using  streptouiyem  loi  ticatm„ 

i"  'vlK>n,  both  venereal  infections  may  be 

present  (Willeox,  1948). 


Toxicity 

Penicillin  is  almost 
Allergic  reactions  arc, 
systemic  administration 


non-toxie  when  administered  to  man. 
however,  sometimes  seen,  both  wit  i 
and  with  local  aiipheation,  but  they  are 


TOXICITY  OF  FEXICILLIX 


141 


rarely  serious  and  no  deaths  liave  been  reported  as  due  to  the 
administration  of  the  drug.  Among  the  toxic  reactions  whicli 
do  occur  are  various  types  of  rashes,  including  very  occasionally 
exfoliative  dermatitis  ;  nausea  and  vomiting  ;  fever  and  serum 
sickness.  Urticaria  is  the  only  reaction  which  occurs  at  all 
commonly.  Some  of  the  allergic  reactions  seen  with  penicillin 
are  very  similar  to  those  observed  in  fungus  diseases  of  tlie  skin 
and  it  has  been  suggested  that  a  fungus  infection  may  actually 
sensitize  a  patient  to  penicillin  (Peck  et  aL,  1948). 

Impure  preparations  of  penicillin  tend  to  produce  toxic  effects 
when  given  intratheeally,  but  pure  penicillin  is  well  tolerated. 
Xormally,  12,000  units  will  maintain  a  bacteriostatic  level  in  the 


eerebrosj)inal  fluid  for  24  hours,  but  occasionally,  e.g.  in  the  early 
stages  of  pyogenic  meningitis,  this  dose  may  be  given  every  12 
hours.  Larger  doses,  of  50,000  units  or  more,  may  cause  severe 
meningeal  reactions  and  should  not  be  used.  Intrathecal  penicillin, 
if  continued  for  some  weeks,  may  cause  depression  of  the  ankle- 
jerks,  suggesting  damage  to  the  cauda  equina,  but  this  change  is 
icAcrsible.  Penicillin  is  usually  introduced  into  the  cerebrospinal 
fluid  by  the  lumbar  route,  but  if  necessary  it  should  be  injected 
into  the  cisterna,  or  even  into  the  lateral  ventricles  (Cairns,  1947). 
It  should  be  notcfl  that  when  large  doses  of  ])enicillin  are  given 
mtiamuscularly,  chemotherapeutic  concentrations  are  quite  fre¬ 
quently  produced  in  the  ccrebro-spinal  fluid  (Redfearn  et  al.  1949) 
The  retina  is  particularly  sensitive  to  the  toxic  action  of  krious 
drugs  and  it  has  been  found  that  even  pure  crvstalline  penicillin 
11  (U)  IS  not  entirely  free  from  toxic  effects  wh^n  introduced  into 
the  vitreous.  It  has  been  shown  that  of  the  five  forms  of  penicillin 

ested,  pemcilhn  II  was  the  least  toxic  to  the  retinal  elements 
((xardiner  et  al,  1948). 


Blood  Concentration 

more  readily  available  the  tendenev 
lias  bee,,  to  , ncrea.se  the  dose,  and  at  present  the  dr,,,  is  freT,  eTtW 

sue.  ,n  .loses  of  . . .  nnits  intran'.useularly  e v  ry  rtVee  hlrf 

ule  Is  be\r;r,le’'f I-real:; 

Unen;! v“'r  r"'"tT'  <■“'>  ‘l>erefor;  i™|v  n 

in  heZ  ;  "v-fte  .''!''",  fate  of  the^drng 

n,xly.  Alte,  ahsorpt.on,  pcn.c.lli,,  is  distribnted  throughont 
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the  body  fluids  but,  owing  to  its  rapid  inactivation  and  excretion, 
the  injections  have  to  be  frecpiently  repeated  in  order  to  maintain  a 
chemotherapeutic  concentration  in  the  blood  and  tissue  fluids. 
Some  of  the  penicillin  combines  with  the  serum  proteins  to  form  a 
complex.  It  was  at  first  suggested  that  this  complex,  unlike  tliat 
which  is  formed  between  sulphonamides  and  serum  proteins,  is 
cheinotherapeutically  active  (C’how  and  McKee,  194a)  ;  but 
later  evidence  seems  to  sliow  that  such  is  not  the  case,  and  that 
appreciable  inactivation  does  occur  by  binding  with  the  serum 
proteins.  In  particular  a  high  proportion  of  jienicillin  IV  (K)  com¬ 
bines  with  proteins  and  this  may  be  one  of  the  factors  accounting 
for  the  low  activity  of  this  substance  in  vivo  (Tompsett  et  al.,  1947). 

A  number  of  investigators  have  determined  the  blood  levels  that 
are  obtained  when  various  amounts  of  the  drug  are  giv'en  per  day. 
Thus,  for  example,  Loewe  et  al.  (194.'5)  found  that  the  average  blood 
concentration  is  about  1  unit  per  ml.  for  each  million  units  of 
penicillin  injected  intramuscularly  or  intravenously  per  day. 

Bacteria  vary  greatly  in  their  sensitivity  to  penicillin.  lor 
example,  streptococcus  viridans  found  in  suliacute  bacterial  endo¬ 
carditis,  is  mucli  less  sensitive  than  ha'inolytic  streptococci.  Large 
doses  are  thus  used  in  the  treatment  of  subacute  bacterial  endo¬ 
carditis,  up  to  2(),00(),()()()  units  daily  (Christie,  1948  ;  Loewe  et  al., 
1947),  and  an  idea  of  the  daily  dose  required  can  be  obtained  from 
the  sensitivity  of  the  organism  and  the  amount  of  j)enicillin 
needed  daily  to  produce  a  certain  blood  concentration. 


Prolongation  of  Action 

A  number  of  methods  have  been  used  to  increase  the  time 
during  which  an  effective  concentration  of  the  drug  is  produced 
following  a  single  injection.  The  aim,  of  course,  is  to  reduce  the 
number  of  injections  per  day:  with  aqueous  solutions  even  large 
doses  have  to  be  given  at  relatively  frecpient  intervals. 

Combination  with  Oil  and  Beesivax.  One  method  whicli  has  been 
used  extensively  is  to  inject  intramuscularly  a  suspensum  of  tfie 
drug  in  a  mixture  of  95.2  per  cent  of  peanut  oil  and  4  8  per  eent 
of  bLswax  (Uomansky  and  Rittman,  1945).  A  chemotherapeu 
concentration  of  the  drug  is  .naintained  for  ton  or  "'o-  h'"  ‘ 

as  a  rule  two  injections  of  this  mixture  per  day  are  suthcRiit  f o 

Continuous  theripeutic  action.  Under  H--  """ir^CCd 

patient  can  frequently  be  treated  as  an  outpatient. 
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has,  for  example,  been  used  in  the  treatment  of  syphilis.  Occasion¬ 
ally  the  injection  of  this  preparation  produces  local  irritation.  It  is 
rather  viscous,  and  therefore  didicult  to  get  up  the  syringe. 

Procaine  Penicillin.  It  has  been  shown  more  recently  that  crystal¬ 
line  penicillin  II  forms  a  complex  with  procaine  which  is  sparingly 
soluble  in  saline  and  in  oil.  When  this  is  injected,  the  penicillin 
is  slowly  released  and  chemotherapeutic  blood  levels  are 
maintained  for  some  24  hours  (Herrell  e/ «/.,  1947  ;  Sullivan  e/ a^., 
1948).  No  local  reactions  are  apparently  produced  by  such  a 
preparation.  Preliminary  results  show  that  a  high  proportion  of 
cases  of  pneumonia  are  cured  by  a  single  injection  of  300, 000  units 
of  procaine  penicillin  in  oil  (Bogcr  et  al.,  1948).  The  preparation 
should  also  be  valuable  in  infants  and  children.  In  babies  a  dose  of 
100,000  units  produces  therapeutic  blood-penicillin  levels  for  at 
least  24  hours,  and  in  the  period  immediately  after  birth  for 
considerably  longer  (Wilson  et  al.,  1949). 

The  incorporation  penicillin  into  a  gel  made  by  the  addition  of 
aluminium  monostearate  markedly  delays  its  absorption,  and  it  has 
been  shown  that  when  procaine  penicillin  is  suspended  in  such  a 
medium,  a  single  injection  of  300,000  units  will  maintain  a  chemo¬ 
therapeutic  concentration  in  the  blood  for  some  four  days  (Thomas 
et  al.,  1948).  With  2,000,000  units  the  blood  level  is  maintained  for 
a  week  after  the  injection  (Young  et  al.,  1949).  Such  a  preparation 
IS  also  suitable  for  use  in  children  and  the  blood  levels  produced 
by  Its  administration  have  been  studied  by  Pmiery  et  al.  (1949). 
The  use  of  procaine  penicillin  preparations  in  the  treatment  of 
syphilis,  and  in  the  prevention  of  the  disease  in  patients  exposed  to 
inlection,  is  being  extensively  investigated  in  U.S.A.  The  very 
interesting  and  promising  results  were  described  by  Dr  J  E 
Moore  at  a  meeting  of  the  Royal  Society  of  Medicine  and  have  been 
pub  ished  m  dctaU  (Moore,  19«).  It  seems  quite  clear  tl.at  a 

Svvitr  e",  ""ite  of  procaine  penicillin 

re  hi  r,  to  persons  exposed  to  infection  can  markedly 

of  nr  ■'*  Ptimary  and  secondary  syphilis.  Tlie  use 

(les^  ambulant  treatment  of  syiihilis  is 

or  seven  and  a  half  or  ten  weeks  and  the  author  concludes  that 
tbs  treatment  of  syphilis  api)cars  to  be  more  successful 

5  porbiiL 

possible  that  the  search  lor  a  tlmrapia  magna  sterilans. 
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initiated  by  Ehrlich  and  so  long  sought  for  in  this  disease,  is  being 
achieved  by  the  use  of  this  penicillin  {)reparation. 

Combination  with  Vasoconstrictor.  Another  method  which  has 
been  used  to  delay  the  absorption  of  penicillin  is  to  combine  it 
with  a  vasoconstrictor  substance,  such  as  adrenaline  or  ephedrine. 
For  example,  Ereoli  et  al.  (1948)  have  found  that  the  addition  of 


Fig.  14 

ShowiuK  the  serum  levels  of  PouieiHin  produced  by  the 
administration  of  liOO.lKlO  units  of  peniedlin  in  diflerent 

preparations. 

X _ X  In  saline  (after  Ereoli  e/  at.,  1948). 

. O  Procaine  penicillin  in  oil. 

1 _ +  Procaine  penicillin  in  oil  with 

monostearate  (after  Thomas  et  at.,  1948). 
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0.3  mg.  of  adrenaline  to  penicillin  in  saline  and  peanut  oil  doubles 
the  period  during  which  a  chemotherapeutic  concentration  is 
maintained  in  the  blood.  A  single  dose  of  such  a  preparation  has 
been  successfully  used  in  tlie  treatment  of  gonorrhoea  (Cohn  and 
Kornblith,  1948).  A  preparation  of  penicillin  II  containing  both 
epliedrine  and  adrenaline  in  gelatine  dextrose  has  been  developed 
by  Locwe  et  al.  (1947).  Apart  from  its  prolonged  effect  this 
preparation  has  the  advantage  that  it  is  stable  at  room  temperature 
for  more  than  a  year.  Grunberg  et  al.  (1949)  have  made  a  com¬ 
pound  of  penicillin  II  and  1-ephedrine  which  exerts  quantitatively 
the  antibacterial  action  of  penicillin  and  the  vasoconstrictor 
properties  of  ephedrine. 

Penicillin  Esters.  The  effectiveness  and  duration  of  action  of 
steroids  can  be  greatly  increased  by  using  esters  (e.g.  oestradiol 
benzoate,  testosterone  propionate)  from  which  the  hormone  is 
slowly  released  producing  an  even  and  prolonged  effect.  A  similar 
method  has  been  tried  with  penicillin  and  various  esters  liave  been 
made,  including  the  methyl,  ethyl,  n-butyl  and  benzhydryl 
compounds  (Meyer  et  al.,  1943).  Kxperimental  work  on  animals 
suggested  that  sucii  esters  were  highly  effective  and  could,  more¬ 
over,  be  given  orally  since  they  were  not  destroyed  in  the  stomach. 
Later  work  has  shown,  however,  that  the  enzyme  (esterase) 
necessary  to  decompose  the  ester,  and  thus  liberate  the  penicillin 
from  its  combination,  is  not  present  in  man  :  penicillin  esters  are 

thus  unlikely  to  be  of  clinical  value  either  by  the  systemic  or  oral 
route  (Ungar,  1947). 


Carinamide  (Caronamide) 

The  prolonged  maintenance  of  elTeetivc  penicillin  concentrations 
tion  ^  lias  also  been  achieved  by  the  simultaneous  administra- 
^  01  of  a  substenee  (carinamide)  which  interferes  with  the  excretion 

at  the  high  blood  penicillin  levels  so  attained  lead  to  increased 
ffision  through  the  blood-brain  barrier,  and  hence  to  t[ie 

eatmmm^sagetopirir:t;:rr:y-o 
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excretion.  It  has  been  suggested  that  the  dosage  of  carinamide 
should  be  so  adjusted  as  to  give  a  blood  level  of  15  mg.  per  100  ml. 
and  this  can  usually  be  achieved  by  giving  3  G.  every  3  hours  orally. 
Experimentally  it  has  been  found  that  the  effectiveness  of  penicil¬ 
lin  in  the  treatment  of  pneumococcal  and  E.  Typhosa  infections 
in  mice  is  greatly  increased  by  the  simultaneous  administration 
of  carinamide  (Verivey  and  Miller,  1947).  The  value  of  carinamide 
has  also  been  demonstrated  clinically.  For  example,  Boger  et  al. 
(1947)  successfully  treated  a  case  of  subacute  bacterial  endocarditis 
due  to  a  strain  of  streptococcus  viridans,  with  a  combination  of 
penicillin  and  carinamide  and  demonstrated  the  marked  elevation 
in  the  blood  penicillin  levels  brought  about  by  -combining  both 
these  drugs.  Similar  results  have  been  obtained  by  Stuart-Harris 
et  al.  (1949). 


Oral  Administration  of  Penicillin 

It  would  be  a  great  advantage  if  penicillin  could  be  given  orally 
instead  of  by  repeated  injections.  The  drug  is,  however,  rather 
unstable  and  some  of  it  is  destroyed  by  the  acid  in  the  stomach, 
and  in  the  intestine.  When  penicillin  was  first  used  orally  it  was 
combined  with  various  antacids  in  order  to  prevent  its  destruction 
in  the  stomach.  It  was  then  found,  however,  that  even  with  these 
precautions  much  of  the  penicillin  was  lost,  and  realized  that  t  le 
absorption  of  penicillin  from  the  intestine  is  rather  poor  and 
irregular.  There  is  no  evidence  that  any  of  the  types  I,  II,  lU  and 
IV  is  better  absorbed  than  another.  The  best  absorption  occurs 
when  the  drug  is  given  on  an  empty  stomach  (Stewart  and  1  ay , 
1947).  Mucli  larger  doses  have  to  be  given  orally  than  by  injection 
and  it  is  generally  accepted  that  some  five  times  the  injected 
dose  has  to  be  given  orally  in  order  to 

which  even  then  is  not  quite  as  rclia  e.  n  o,,„„est 

exnerimental  work  in  man,  Hoffman  and  \  ohm  (194, )  suggest 
m,  initial  .lose  of  20»,00(l  units  followed  by  100,000  units  every 

*'’o"ral  administration  has  been  used  successfully  in  the  treatment 

(Bushbrand  Itoktr  IMei^'^tr'^tcr  authors  obtained  as 
Ud  results  as  arc  obtained  with  systemic  ™ 

giving  six  doses  of  *»;««7";‘*^J",“,);™%"iVintake' during 
emphasize  the  importance  of  restricting 
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the  period  of  treatment.  Tablets  of  penieillin  have  been  very 
sueeessfully  used  in  the  prophylaxis  of  gonorrha'a.  IVith  a  single 
dose  of  250. 000  units  the  occurrenee  of  the  disease  in  men  exposed 
to  infeetion  was  almost  completely  prevented  (Eagle  et  ciL,  1949). 
Oral  penicillin  is,  of  course,  of  particular  value  in  infants,  as  an 


Fig.  15 

.Showing  tlie  effect  of  carinainide  on  the  plasma  level  of  penicillin  given 

orallj'  (100,000  units). 

Control  1  and  control  2  :  Separate  c  urves  for  penicillin  alone. 

Drugl.  0.5  gram  earinamide  given  orally  1  hour  before  })enicillin 
administration. 

Drug  2.  1  gram  earinamide  given  orally  1  hour  before  penicillin 
administration. 

(After  Rapoport  et  al.,  1948.) 

addition  to  the  feeds,  and  in  young  children  (Suchet-Kaye  and 
..atter,  1947  ;  C  ohlan  et  al.,  1948).  Simultaneous  administration 
of  c^ral  penicillin  with  earinamide  markedly  increases  the  resultincr 
^?,f.^"trations  as  is  shown  in  Fig.  15  (Rapoport  et  al, 
IJ48).  lliis  method  of  administration  will  no  doubt  be  further 
investigated  clinically. 
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BACTERIAL  CUKMOrHERABY 
Mode  of  Action 

This  is  discussed  by  Pratt  and  Dufrenoy  (1948).  Penicillin  can 
produce  bacteriostatic,  bactericidal  or  bacteriolytic  actions  but 
the  niechanisiu  by  which  these  ell'ects  are  produced  has  by  no 
means  been  elucidated.  It  is  generally  accepted,  however,  that 
the  mechanism  is  a  dill’crcnt  one  from  that  by  which  sidphonamidcs 
produce  their  bacteriostatic  action,  which  is  discussed  in  Chap.  15. 
The  action  of  penicillin,  unlike  that  of  the  sulphonamides,  is  not 
greatly  alfected  by  the  presence  of  j)us  or  of  organic  matter  and 
this  is  indeed  one  of  the  great  advantages  of  the  drug.  It  has  been 
shown  by  Chain  and  Duthie  (1945)  that  very  small  concentratiojis 
of  penicillin  markedly  inhibit  and  ultimately  stop  the  oxygen 
uptake  of  staphylococci  during  the  stages  of  multij)lication  of  the 
organisms,  while  no  such  effect  is  seen  during  the  “resting  })hasc.’’ 
Penicillin  thus  ajipcars  to  interfere  with  the  metabolic  functions 
of  micro-organisms,  at  least  during  the  early  stages  of  development. 
Studies  with  the  electron  microscope  show  that,  under  the  influence 
of  penicillin,  numerous  diplococcal  and  tetrad  forms  can  be  seen 
immediately  before  the  divdsion  of  Incmolytic  stre])tococci  (Ilolzer, 
1947),  showing  that  normal  and  full  bacterial  division  does  not 
occur.  Preliminary  investigations  with  penicillin  labelled  with 
radioactive  sulphur  suggested  that  organisms  immersed  in 
solutions  of  the  drug  did  not  absorb  any  ap})reciable  amount  of 
it  (Rowley  ct  «/.,  1948),  but  later  investigations  have  shown  that 
penicillin  is  taken  up  and  is  indeed  strongly  and  irreversibly 
attached  to  the  organisms.  There  is  also  some  evidence  that 
sensitive  organisms  take  up  more  of  the  drug  than  resistant 
strains  (Cooi)er  and  Rowley,  1949).  Pasynskii  and  Kastorskaya 
(1947)  have  shown  that  a  single  bacterial  cell  ol  staphylococcus 
aureus  adsorbs  1,000  molecules  of  penicillin.  This  is  of  the  same 
order  as  the  amount  of  sulphonamide  adsorbed  by  bacteria. 

One  of  the  earliest  effects  of  penicillin  on  staphylococcus  aureus 
appears  to  be  the  blocking  of  the  absorption  of  an  esscntml 
metabolite,  glutamic  acid  (Gale,  1947;  Gale  and  Taylor,  1940- 
This  occurs  only  during  the  period  of  growth,  and  not  in  resting 
cells  The  effect  is  jiarticiilarly  interesting,  since  glutamic  acid  is  a 
component  of  glntathionc,  wl.icl.  plays  sneh  an  i;"” 

in  cell  metabolism  bwirtno  of  its  snlpliyclryl  (-Slll  gi'onp.  liatt  a 

Dnfrenoy  (1»«)  believe  that  penicillin 


by  promoting  dehydrogenation  ol  -SIl  groups 
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this  effect  more  rapidly  tlian  the  organism  can  restore  the  aetive 
sulphydryl  group  :  the  organism  is  thus  put  into* a  state  of 
dehydrogenation  which  interferes  with  its  metabolism  and  is 
ultimately  lethal.  According  to  this  view,  therefore,  penicillin 
produces  its  effect  by  interfering  with  the  transfer  of  hydrogen  in 
the  cell. 

It  is  possible,  howev'cr,  that  other  enzyme  systems  may  also  be 
affected.  It  has  been  shown  that  the  bacteriostatic  action  of 
])cnieillin  is  antagonized  by  nucleic  acid  (Pandalai  and  George, 
1947)  and  it  is  possible  that  the  drug  produces  its  effect  by  inter¬ 
fering  with  phosphorylation  mechanisms  wdiieh  are  also  funda¬ 
mental  to  the  life  of  the  cell.  This  would  explain  why  the  supply 
of  suitable  phosphorylatcd*  compounds,  such  as  nucleic  acid, 
interferes  with  the  action  of  penicillin. 

Other  effects  of  penicillin  which  have  been  described  are  an 
inhibition  of  the  flephosphorylation  of  nucleotides  (Gros  and 
Machebccuf,  1948)  and  an  inhibition  of  the  oxidation  of  nucleic 
acid  (Krampitz  and  Werkman,  1947).  The  data  of  Mitchell  (1949) 
are  also  consistent  with  the  view  that  penicillin  reacts  initially  with 
components  of  the  bacterial  cell  mvoK'ed  in  nucleotide  dis¬ 
similation. 


Streptomycin 

This  was  discovered  in  1944  in  America  by  Waksman  and  his 
colleagues  in  a  systematic  search  of  soil  micro-organisms  for 
substances  suitable  for  clinical  application.  It  is  produced  in  fluid 
cultures  by  an  organism,  Streptomyces  griseus,  which  belongs  to 
a  group  of  Actinomyces  having  the  general  name,  Streptomvees. 

IS  interesting  that  M  aksman  actually  isolated  this  organism 
from  the  soil  as  long  ago  as  1919.  Streptomycin  is  effective  against 
gram  negative  organisms  but  its  main  interest  lies  in  the  fact  that 
It  produces  an  action  on  M.  tuberculosis. 

Chemistry 

Streptomycin  is  an  organic  nitrogenous  base  and  its  chemical 

\  nr? 

IS  shown  on  p.  150.  group.  Ihe  formula 
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Streptomycin 


It  seems  likely  that  there  arc  several  other  substaticcs  closely 
related  in  chemical  constitution  to  streptomycin,  and  one  of  these, 
called  streptomycin  B,  has  been  isolated  in  a  pure  form  by  Bried 
and  Titus  (1947).  Some  of  its  biological  properties  have  been 
investigated  by  Rake  H  al.  (1947).  They  found  that  its  toxicity  .s 
about  the  same  as  that  of  streptomycin,  but  that,  weight  for  weight, 
it  is  about  one  third  as  active  as  streptomycin  in  experimental 
tuberculous  infectious  in  mice.  The  nomenclature  of  strcptoniycin 
preparations  is  discussed  by  Waksman  (194S).  By  the  use  ol  paper 
partition  chromatography  Winsten  anil  Eigen  (1948)  have  show. 
Riat  there  are  at  least  five  eomponents  .1.  the  streptonn  c... 

“Bv'the  catalytic  hydrogenation  of  streptomycin,  probably  at 
,  "  V  .1  rrrniin  Pcck  ct  ol.  (104())  luivc  maclc  diliijdio 

the  carbony  very  similar  to  streptomycin 

streptomycin  which  has  } 

T'ms  58  ,  7 9  5:l«r  *1  th  the  sulpl.litc  and  hydrochloride 
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uniformly  with  5  grams  of  clihydrostreptomycin  daily  than  in 
patients  treated  with  3  grams  of  streptomycin  daily.  Another 
advantage  of  the  new  compound  is  that  it  is  well  tolerated  by 
subjeets  in  whom  allergie  reactions  are  produced  by  streptomycin. 
The  hydrogenated  compound  is,  however,  ineffective  against 
tubercle  bacilli  which  have  become  resistant  to  the  parent  com- 
})ound.  The  irritation  produced  by  dihydrostreptomycin  at  the 
site  of  injection  is  appreciably  more  severe  than  that  produced  by 
streptomycin  and  it  is  not  advisable  to  use  the  new'  drug  intra- 
thecally  for  the  treatment  of  meningitis  (Hinshaw  et  al.,  1948). 

More  recently  still  Waksman  and  Lechevalier  (1949)  have 
isolated  a  substance,  called  neomycin,  from  another  strain  of 
streptomyces  (streptomyces  fradiie).  Its  activity  is  probably  due 
to  more  than  one  chemical  entity  and  it  may  thus  be  defined  as  a 
“neomycin-complex.”  One  of  the  active  substances,  designated  as 
neomycin  A,  has  been  isolated  in  a  crystalline  form  as  a  sulphonic 
acid  salt  (Peck  et  al.,  1949).  Neomycin  is  active  against  strepto¬ 
mycin  resistant  tubercle  bacilli,  and  resistance  of  tubercle  bacilli 
to  neomycin  develops  less  rapidly  than  to  streptomycin  (Waksman 
et  al.,  1949).  Neomycin  may  thus  prove  to  be  of  great  value  in  the 
treatment  of  tuberculosis. 

The  unit  of  streptomycin  has  been  defined  as  the  activity  of 
1  fig.  of  pure  streptomycin  base.  There  is  also  a  w'orking  standard 
with  an  activity  of  400  units  per  mg.  Experimental  lots  have  been 
prepared  w'hich  have  a  potency  of  900  units  per  mg.  Streptomycin 
is  freely  soluble  in  w’ater  but  not  in  organic  solvents  and  is  much 
more  stable  than  penicillin.  Solutions  kept  in  the  refrigerator 
deteriorate  only  slowly,  and  even  at  room  temperature  they  may 
be  kept  for  several  days  without  loss  of  potency. 


Absorption  and  Fate 

Streptomycin  is  poorly  absorbed  from  the  intestine,  though  un¬ 
like  penicillin  it  is  not  inactivated  in  the  gut ;  it  must  thus  be 
administered  by  injection,  usually  intramuscular.  It  can,  however 
a  so  be  applied  locally.  After  injection  it  is  distributed  through¬ 
out  the  extracellular  fluids  and  rapidly  excreted,  the  rate  of 
excretion  varying  m  different  species.  Marshall  (1948)  investigated 
le  fate  of  the  drug  m  man,  using  a  sensitive  chemical  method  for 
le  determinations,  as  described  by  Marshall  et  al.  (1947).  He 
ound  that  after  intramuscular  injection  of  20  mg.  per  k<r  the 
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maximum  blood  concentration  is  reached  in  1-2  hours  and  then 
falls  rather  rapidly  (see  Fig.  16). 

.According  to  the  data  ot  Boxer  et  al.  (1948)  the  concentration 
of  streptomyein  produced  in  the  blood  is  proportional  to  the  dose 
per  kilogram  of  body  weight,  within  a  definite  range  of  dosage. 
From  the  results  obtained,  it  is  .possible  to  caleulate  with  reason¬ 
able  aeeuracy  the  serum  concentrations  of  the  drug  in  man  after 
intramuscular  injection  of  streptomycin  in  doses  ranging  from 
4,000  to  20,000  /xg./kg.  Alueh  of  the  drug  is  excreted  in  the  urine. 


Fig.  16 

Showing  the  plasma  levels  of  strepto¬ 
mycin  following  its  intravenous  and 
intramuscular  administration  in  man 
(20  mg./Kg.).  (After  Marshall,  1948.) 

- Intravenous  injection. 

X - X  Intramuscular  injection. 


but  this  varies  in  different  subjeets  and  in  some  cases  a  considerable 
amount  of  the  dose  given  is  not  accounted  for  by  urinary  excretioi>. 
In  dogs  most  of  the  drug  is  excreted  by  the  kidneys.  Its  excretion 
aiipcars  to  be  essentially  by  glomerular  filtration.  The  drug  is 
also  concentrated  and  excreted  by  the  liver  into  the  bile,  and  can 
pass  through  the  placental  barrier  into  the  foetal  circulation 
(Zintel  et  al,  1945),  though  the  concentration  in  the  cord  blood 
and  amniotic  fluid  is  generally  less  than  half  that  found  in  the 
maternal  blood  (Woltz  and  Wiley,  1945). 
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When  streptomycin  is  given  intramuscularly  very  little  clilluses 
into  the  cerebrospinal  fluid  unless  very  large  doses  arc  given. 
In  acute  meningitis,  however,  much  greater  diffusion  occurs  and 
effective  chemotherapeutie  eoneentrations  can  be  produced  with 
the  usual  therapeutic  doses  (Zintcl  et  al.,  1945).  Even  then  the 
concentration  is  less  than  half  that  found  in  the  blood  serum 
(Adcock  and  Hettig,  1940).  The  drug  does  not  readily  penetrate 
into  the  ocular  Ihiids  and  very  large  doses  have  to  be  given  to 
produce  chemotherapeutic  concentrations  in  the  anterior  chamber 
of  the  eye  (Leopold  and  Nichols,  1940).  Streptomycin  penetrates 
into  tissues  when  applied  locally,  but  its  penetration  into  the 
cornea  is  poor  ;  this  can,  however,  be  imj)roved  by  the  use  of  a 
wetting  agent  (Bellows  and  Farmer,  1947). 

Streptomycin  can  safely  be  given  intrathecally  and  is  then 
retained  in  the  cerebrospinal  fluid  for  periods  up  to  30  hours. 
During  the  first  few  hours  very  high  concentrations  are  present, 
and,  even  after  24  hours,  20  or  more  units  per  ml.  have  been  found 
in  the  cerebrospinal  fluid  following  the  injection  of  20  mg.  of  the 
drug  (Kohner,  1947  ;  Medical  Research  Council,  1948). 


Toxicity 

Streptomycin  is  a  substance  with  a  definite  toxicitv  which,- 
as  will  be  seen  later,  limits  the  doses,  even  of  pure  material,  that 
can  be  used  clinically.  The  toxicity  and  actions  in  animals  of 
streptomycin  preparations  of  various  degrees  of  purity  have  been- 
mvestigated  by  Molitor  et  al  (1940).  They  found  great  varia- 
lons  in  the  toxicity  of  different  preparations.  Pure  streptomvein 
lm<l  a  L.D  50  mice  of  about  1 .2  G./kg.  when  given  snbeutancousiv. 
Animals  showed  respiratory  distress  and  ultimatelv  died  of  res. 

^arv  in  different  species.  For  e.xaniple,  monkevs  exhibit  some 
mipairment  of  renal  and  hepatic  fiinetioi.  while  dogs  show  in 
addition,  cerebellar  and  labyrinthine  disturbances. 

mpure  preparations  produce  a  histainine-like  fall  in  blood 
pressure  in  eats,  and  a  temporary  antidinretie  elfeet  in  rats! 
lects  are  not  seen  with  pure  jireparations. 


Activity  In  Vitro 
Streptomycin  is  effective  against 
notably  M.  tuberculosis,  and  against 


certain  acid  fast  bacilli 
gram  negative  and  gram 
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positive  organisms.  It  is  usually  less  active  than  penicillin  against 
gram  positive  organisms,  so  that  its  main  use  is  in  certain  types 
of  tuberculosis  and  in  infections  with  some  gram  negative 
organisms. 

The  gram  negative  organisms  which  are  susceptible  include 
B.  coli,  S.  typhi,  Br.  tularensis,  B.  friedlanderi,  Brucella  abortus, 
II.  influenzae,  Proteus  vulgaris,  S.  paratyphi  B.,  N.  gonorrhoea, 
II.  pertussis.  Past,  pestis  and  Ps.  tcruginosa ;  and  the  gram 
positive  organisms  include  staphylococci,  haanolytic  streptococci, 
actinomycetes  and  some  spore  forming  adobes.  The  anarobes, 
such  as  Cl.  tetani  and  Cl.  Welchii,  are  highly  resistant  to  the  drug. 
The  susceptibilities  of  a  number  of  organisms  are  given  in  Table  3. 
The  chemotherapeutic  concentration  that  can  be  maintained  in 
the  body  fluids  of  man  is  of  the  order  of  5  /xg.  per  ml. 

The  activity  of  streptomycin  is  decreased  in  an  acid  medium 
and  the  drug  may  therefore  be  less  effective  in  conditions  where 
there  is  tissue  damage  which  may  produce  an  acid  reaction 
(Abraham  and  Duthie,  1946). 


Activity  in  Experimental  Infections 

The  most  extensive  and  important  experiments  have  been 
carried  out  in  animals  infected  with  tuberculosis.  The  thera¬ 
peutic  value  of  the  drug  can  be  clearly  demonstrated  in  infected 
guinea  pigs.  If  the  treatment  is  started  even  several  weeks  after 
inoculation  it  will  greatly  lengthen  the  life  of  the  animals.  On 
post  mortem  examination  such  animals  may  show  no  macroscopic 
or  even  microscopic  signs  of  infection  ;  lesions  may  be  present 
but  they  are  usuallv  inactive  and  characterized  by  fibrosis  and 
calcification  (Feldman  et  al,  1945).  An  effect  can  be  demonstrated 
within  three  weeks  of  the  beginning  of  treatment.  The  value  o 
streptomycin  can  also  be  demonstrated  in  animals  (mice  and 
guinea  pigs)  inoculated  intravenously,  even  with  large  doses  o 
organisms.  Feldman  and  Hinshaw  (1948)  emphasize  the  formid¬ 
able  character  of  such  a  widely  disseminated  infection,  and  sugges 
that  in  the  future  new  substances  should  be  tested  in  animals  in 
wMcrtubereulou.s  infection  has  been  indneecl  by 
inoculation.  Such  a  |,roee<lnre  shonM  provide  '  a  «ab  e  data  f 
comparison  witli  tlie  effectiveness  ot  streiitomyein.  Methods  to 
cvalliating  the  activity  of  antitnlicrcnlons  drugs  in  animals  are 
reviewed  bv  Raleigh  and  Youmans  (lO-tS). 
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Ill  spite  of  tlicsc  very  striking  actions,  liowever,  streptomycin 
does  not  usually  kill  off  all  the  organisms  in  the  treated  animals. 
Even  after  many  months  of  treatment  and  in  the  absence  of  any 
signs  of  infection,  the  presence  of  fully  virulent  tubercle  bacilli  can 
be  demonstrated  in  the  guinea  pigs  by  suitable  methods  (heldman 
and  Hinshaw,  11)48).  This  has  also  been  clearly  demonstrated  in 
experimental  corneal  infections  in  the  rabbit  :  liy  treatment  with 
streptomycin  such  lesions  will  heal,  but,  on  section  of  the  cornea, 
tubercle  bacilli  can  still  be  found  in  the  lesion  (Gardiner  et  al., 


Tablk  3 

Auti-hacterial  Activity  of  Streptomycin. 


Grani-j)ositive 

Gram-negative 

Organisms 

Mierogram 
per  ml.* 

Organisms 

Microgram 
per  ml.* 

bovis 

3.75 

Bact.  aerogenes 

0.5  -  2.5 

H.  anthraeis. 

0.375 

11.  mallei 

10.0  ->10.0 

11.  megatherium 

0.25  -  3.0 

Hr.  abortus 

0.5  -  3.75 

11.  mesentericus 

1.67 

Hr.  melitensis 

0.5 

11.  myeoides 

0.1  -  3.8 

Hr.  suis 

0.5 

11.  subtilis 

0.12  -  1.0 

S.  typhi 

1.0  -  37.5 

Cl.  butyrieum 

8.34 

11.  eoli  communis 

0.3  -  3.75 

Cl.  welehii 

>104.0 

11.  coli  eommunior 

1.0  -  4.0 

Cl.  septicum 

>105.0 

H.  influenzai 

1 .  .56  —  5.0 

Cl.  sordelli 

>105.0 

II.  pertussis 

1.25  -  3.0 

Cl.  tetani 

> 104.0 

11.  friedliinderi 

0 . 625-  8 . 0 

C.  diphtheria* 

0.375-  3.75 

B.  oza*na' 

0 . 375-  1 . 5 

Str.  pneumonia* 

8.0 

X.  gonorrhea* 

5.0 

Myeo.  tuberculosis 
(hominis) 

0.15 

X.  meningitidis. 

5.0 

Staph,  aureus 

Str.  fa*ealis 

Str.  hicmolyticus 

0.5-  >16.0 
50.0 

2.0-  >16.0 

Past.  lepiseptica 
Pa.st  pest  is 

Hr.  tularensis 

0.5  -  2.5 

0.75  -  1.5 

0.15  0  3 

Str.  lactis 

4.0 

Proteus  vulgaris 

0.4  -  3.0 

Str.  salivarius 

5.0  -25.0 

Ps.  aeruginosa 

2.5  -  25.0 

Str.  viridans 

>16.0 

S.  tyi)hi-mnrium 

4.0  -  10.0 

S.  enteritidis 

0.5 

S.  paratyphi  11. 

2.0 

Chr.  prodigiosum 

1.0 

Slug,  (lexneri 

0.25  -  3.75 

V.  cholera* 

6.0  -  37.5 

niedia  ^  I>or  n,l.  of  suitable  culture 

jaetcriostatu  acUvity  ;  one  uuero<rrani  (O.OOl  mg.)  equivalent  to 
one  u.ut.  (From  ^Vaksman  and  Sehatz.  19450 


156 


BA CTEKIAL  ClIEMCrrilEHAP Y 


1949).  The  effectiveness  of  streptomycin  may  l)e  enhanced  by 
combining  with  it  a  drug,  such  as  potassium  iodide,  wliich  makes 
the  bacteria  more  accessible  to  the  chemotherapeutic  agent 
(Woody  and  Avery,  1948). 

The  value  of  streptomycin  in  certain  other  infections,  and 
notably  those  with  gram  negative  organisms,  can  also  be  shown 
experimentally.  For  example,  Heilman  (1944)  found  that  mice 
inoculated  with  Past,  tularensis  and  treated  with  streptomycin 
for  ten  days  all  survived,  while  all  the  control  animals  died. 
Htobinson  et  aL  (1944)  were  able  to  save  a  large  percentage  of  mice 
inoculated  with  a  lethal  strain  of  S.  schottmulleri  by  a  single 
intravenous  or  subcutaneous  dose  of  the  drug  given  immediately 
after  the  inoculation.  The  striking  value  of  the  drug  in  experi¬ 
mental  pneumonic  and  bubonic  })lague  in  mice  has  also  been 
demonstrated  (Quan  et  aL,  1947). 


Clinical  Applications 

The  main  use  of  streptomycin  has  been  in  the  treatment  of 
certain  forms  of  tuberculosis  (see  Ollicial  Memorandum,  1949), 
and  of  some  infections  with  gram  negative  organisms,  i.e.  mainly 
those  conditions  in  which  penicillin  or  sulphonamides  are  ot  little 
or  no  value.  Unfortunately  the  drug  is  by  no  means  always 
effective  :  this  is  freipiently  due  to  the  presence  in  the  lesions  ot 
naturally  resistant  strains  of  a  particular  organism,  or  to  the  rapid 
development  of  resistance  by  the  organisms  during  the  course  ot 

the  treatment. 


Dosage  and  Methods  of  Administration 

Unlike  penicillin,  streptomycin  can  produce  serious  toxic  effects 
and  lienee  the  dose  sliould  be  restricted  to  tlie  nnnunum  winch 
will  be  tlierapeutically  effective.  It  lias,  indeed,  been  staki 

sliown  tliat  an  increase  in  tlic  daffy  dose  j  “j-f  j 

niarkedlv  raises  the  incidence  ot  toxic  effects  (Mad  pn  tt  a  -, 
Ul‘t7)  The  drug  is  not  well  absorbed  wlien  given  orally  and  h 

hitraLiseular  ro\,te  is  usually  the  th  e  t 

l‘':h-r "  mr  mJ::"  Vnieiui,, 

(Loewe  and  Alture-Werlier,  1M7)  ('"''8"  f 
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and  it  seems  likely  that  such  higher  doses  will  be  used,  when 
necessary,  as  the  })urer  preparations  become  available.  In  the 
treatment  of  })ulmonary  tuberculosis,  doses  of  1  gram  per  day  have 
frequently  been  used. 

The  drug  can  also  be  given  intrathecally  in  doses  up  to  0.1 
gram  per  day.  Larger  amounts  may  be  well  tolerated  but  can 
produce  severe  toxic  effects  and  shoidd  therefore  not  be  given. 
(Farrington  et  al.,  1947).  Local  injections  have  also  been  given 
for  infections  in  the  thorax  and  in  the  abdomen. 

Topical  applications  of  streptomycin,  in  solutions  or  in  ointment, 
may  be  used  in  the  treatment  of  wounds  and  burns,  and  solutions 
may  be  used  for  irrigating  cavities  such  as  the  bladder  in  cases  of 
cystitis.  Solutions  or  ointments  can  also  be  used  for  the  treatment 
of  infeetions  of  the  eonjunetival  sae  and  in  the  anterior  part  of  the 
eye.  Streptomycin  can  safely  be  applied  in  concentrations  of  10  mg. 
])cr  ml.,  even  in  the  conjunctival  sae  (Hcllows  and  Farmer,  1947). 


Toxic  Effects 

These  have  beeome  less  as  purer  })reparations  have  beeome 
available.  Farrington  ct  al.  (1947)  have  used  material  of  at  least  95 
per  cent  purity  over  long  periods,  probably  the  purest  streptomycin 
so  far  employed  in  a  thorough  clinical  trial,  and  reference  to  their 
results  will  therefore  be  made  frequently. 

Four  types  of  toxic  reactions  have  been  observed  with  strepto¬ 
mycin  namely,  (1)  A  histarnine-like  effect,  characterized  by 
flushing,  headache  and  an  abrupt  fall  in  blood  pressure.  (2)  Various 
allergic  reactions,  which  are  not  usually  serious.  Farrington  et  al. 
found  it  necessary  to  interrupt  treatment  in  only  two  out  of  31 
cases  because  of  the  development  of  allergic  reactions,  and  in  both 
of  these  it  was  eventually  found  possible  to  resume  the  treatment. 
Ihe  reactions  consisted  of  an  itching  maculopapular  eruption  over 
the  trunk  and  extremities  ;  a  rise  in  temperature  and  nausea  and 
vomiting;  and  leueopenia.  These  investigators  also  observed 
tliat  many  of  their  cases  develojied  an  eosinophilia,  but  the 
significance  of  this  effect  is  not  yet  clear.  (3)  Neurological 
disturbances  involving  vestibular  dysfunction  and  oceasionallv 
I  diicing  deafness.  (4)  Henal  irritation  nmnifested  bv  cylindriiria 
and  occasionally  accoiupauied  by  ini|,airiucnt  of  renal  function. 

efrre  ii^b”"’!':"'  reactions,  all  these 

■  ave  been  obtained  with  pure  preparations  of  the  drug  and 
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are  in  all  probability  actually  due  to  streptomycin  itself  (Far¬ 
rington  et  ah,  1947).  The  histamine-like  reactions  are  probably 
due  to  impurities.  Streptomycin  may  produce  irritation  at  the 
site  of  injection,  but  this  is  considerably  less  with  purified  prepara¬ 
tions  than  with  the  crude  drug. 

The  symptoms  of  vestibular  dysfunction,  e.g.  vertigo,  appear  on 
about  the  21st  day  after  the  beginning  of  treatment,  but  complete 
recovery  occurred  in  both  cases  observed  by  Farrington  et  ol.  This 
is  probably  due  to  compensatory  mechanisms  rather  than  to  the 
restoration  of  labyrinthine  function.  Recovery  is,  however,  not 
alw'ays  complete  and  it  has  been  suggested  that  this  may  be 
especially  so  in  old  people  (Brown  and  Hinshaw,  1946).  All  cases 
of  deafness  in  the  series  treated  by  Farrington  et  ah  developed  in 
patients  in  whom  the  drug  was  given  intratheeally  or  in  the 
presence  of  w'ell  defined  renal  insufficiency,  and  these  authors 
suggest  that  this  reaction  may  be  the  result  of  over-dosage.  This 
conclusion  is  also  supported  by  the  findings  of  Brown  and  Ilin- 
shaw  (1946)  who  found  that  deafness  developed  only  in  cases 
where  the  drug  was  given  intratheeally,  or  where  the  daily  intra¬ 
muscular  dose  was  5  grams  or  more.  towler  and  Seligman 
(1947)  have  made  special  examinations  of  auditory  and  vestibular 
functions  in  patients  treated  with  streptomycin,  and  find  that 
slight  auditory  disturbances  occur  quite  frequently.  Streptomycin 
is,  of  course,  frequently  used  in  the  treatment  of  meningitis  which 
itself  may  be  responsible  for  the  deafness  which  develops  in  some 

cases* 

Renal  toxic  effects  were  seen  (|uite  frequently  by  Farrington  et 
ah  In  most  cases  the  excretion  of  casts  occurred  within  48  hours  of 
the  beginning  of  therapy,  but  occasionally  it  did  not  occur  till  la  er. 
This  effect  was  much  more  marked  when  the  urine  was  acu  ,  ant 
was  slight  or  absent  when  the  urine  was  maintained  neutral,  or 
slightly  alkaline,  by  the  administration  ol  sodium  bicarbona  e. 
Renal  function  was  only  permanently  affected  ni  o..c  out  ol  .! 
patients.  Diliydrostrepto.nyein  appears  to  be  less  ‘ 

streptomycin  to  the  vestibular  apparatus  and 
latter  drug  in  patients  bypersensitivc  to  it  (Amer.  Re,-.  I  ,<b,« 
1948,  58,  479-586).  It  may  become  the  drug  ol  choice  in  casts 

whicii  prolonged  treatment  is  necessary.* 

.  ,,ater  result,  nu.kes  .hi,  rather  douhttul  (see  Minute,.  Seventh  Strepto- 

niyein  Conference,  Veterans  Administration,  l.>4.  ). 
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Meningeal  and  Miliary  Tuberculosis 

Before  the  advent  of  streptomycin,  tuberculous  meningitis  was 
invariably  fatal  and  henee  the  effects  of  the  drug  have  been 
!  particularly  dramatic  in  this  condition,  though  only  a  minority  of 
patients  treated  make  a  satisfactory  recovery.  Several  investiga¬ 
tions  have  now  been  performed  and  certain  facts  are  becoming 
clear  (Medieal  Research  Council,  1948  ;  Mollaret,  1948).  Early 
diagnosis  is  of  great  importance  and  the  ultimate  results  are  much 
better  when  the  treatment  can  be  started  in  the  early  stages. 
The  combined  administration  of  the  drug  intrathecally  and  intra¬ 
muscularly  gives  better  results  than  are  obtained  by  giving  it  by 
the  intramuscular  route  alone.  And  the  results  arc  definitely 
worse  in  children  under  three  years  of  age  than  in  the  older 
children.  The  patient  may  respond  well  and  yet  relapse,  sometimes 
many  months  later.  A  further  point  of  importance  is  that  when 
complete  spinal  block  develops  at  an  early  stage  of  treatment, 
streptomycin  should  be  administered  by  the  cisternal  or  ventricular 
route  instead  of  by  the  lumbar  route. 


Table  4 

Results  of  Streptomycin  Therapy  of  Tuberculous  Meningitis 


No.  of  cases  admitted 
before  August  18th, 
1947 

Condition  on  March  15,  1948 

Good  Stationary  Deterior- 
or  relapsed  atmg 

105 

27  (26%) 

6  (6%) 

1  (1%) 

71  (67%) 

(From  Medical  Research  Council,  1948) 


There  has  been  a  good  deal  of  discussion  as  to  how  long  the 
treatment  should  be  continued.  The  present  tendency  is  to  treat 
for  some  three  months,  but  this  does  not  prevent  a  number  of  cases 
irom  relapsing,  and  some  investigators  have  given  the  drufr  for 
many  more  months  ;  others  believe  a  shorter  period  of  treatment 
ni  give  equally  satisfactory  results.  This  question  awaits 

^  ^1  ^  ‘Jevelopment  of  resistance  bv  the  organisms 
(diseussed  on  pp.  164-166).  fectuibinv, 
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In  miliary  tuberculosis  the  results  are  better  and  a  majority 
of  the  patients  treated  with  streptomycin  show  a  complete  radio¬ 
logical  clearing  of  the  pulmonary  lesions  (Council  on  Pharmacy 
and  Chemistry,  1947). 


Other  Forms  of  Tuberculosis 

Favourable  results  have  also  been  obtained  with  streptomycin 
in  other  forms  of  tuberculosis.  It  seems  clearly  of  value  in  healing 
ulcerative  or  granulomatous  lesions  of  the  tracheobronchial  tree 
or  larynx  ;  it  is  strikingly  effective  in  tuberculous  sinuses,  even 
when  these  are  multiple  and  originate  in  lesions  of  bone,  cartilage 
or  lymph  nodes  ;  it  appears  to  be  valuable  in  the  treatment  of 
tubercidosis  of  the  alimentary  tract  and  of  tuberculous  peritonitis, 
and  certainly  affords  relief  in  cases  where  these  lesions  are 
associated  with  continuing  pulmonary  infection  (Mason  et  al., 
1949).  The  oral  administration  of  the  drug  in  such  cases  deserves 
further  investigation  (Council  on  Pharmacy  and  Chemistry,  1947). 
Beneficial  effects  have  also  been  demonstrated  in  certaiii  forms  of 
pulmonary  tuberculosis.  The  exudative  phase  of  the  infection 
responds  most  readily,  while  fibrotic  lesions  remain  unchanged. 
In  properly  selected  cases  streptomycin,  in  conjunction  with 
collapse  therapy,  enhances  the  prospects  of  clinical  arrest  of  the 
disease.  It  also  affords  protection  against  spread  of  infection  post- 
operatively  following  thoracoplasty  (Streptomycin  Committee, 
1947;  Pulaski  and  Seeley,  1948;'  Council  on  Pharmacy  and 
Chemistry,  1948).  A  daily  dosage  of  1  gram,  given  as  two  intra¬ 
muscular  injections  of  0.5  gram  at  12  hourly  intervals,  is 
considered  to  be  suflicient  in  pulmonary  tuberculosis.  Higher 
doses,  viz.  2  grams  per  day,  hav'e  been  used  in  trials  of  the  drug  in 
patients  with  acute  progressive  bilateral  pulmonary  tuberculosis, 
unsuitable  for  collapse  therapy  (Medical  Research  Council,  1948). 
This  was  a  carefully  controlled  experiment  and  the  results  show 
that  the  treatment  was  of  benefit,  especially  in  patients  clinica  y 
acutely  ill  on  admission.  Improvement  was  greatest  in  the  first 
three  months  after  which  many  of  the  cases  began  to  deteriorate. 
1'his  was  probably  due  to  the  development  of  streptomycin 
resistance  which  was  clearly  demonstrated  in  a  number  of  cases. 
Hue  vear  after  the  beginning  of  treatment  there  was  stil  clear 
evidence  of  the  value  of  the  treatment,  as  shown  by  the  figu 
given  in  Table  5.  The  difference  in  mortality  between  the 
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groups  is  statistically  significant  (see  Chap.  17).  The  development 
of  resistance  in  relation  to  response  to  treatment  is  diseussed  by 
Crofton  and  Mitehison  (1948).  A  remarkable  subsequent  finding 
is  that  there  exists  a  striking  eorrelation  between  the  incidenee  of 
resistant  tubercle  baeilli  and  the  presence  of  caseation  and  cavita¬ 
tion  in  patients  treated  with  streptomyein.  For  example  Howlett 
et  al.  (1949)  found  strains  uninhibited  by  10  p,g.  of  streptornycin 
per  ml.  of  eulture  medium  in  33  (59  per  cent)  out  of  56  patients 
with  frank  caseation  or  cavitation,  and  no  such  resistant  strains 
in  31  patients  who  had  no  frankly  caseous  or  eav'ernous  lesions 
prior  to  treatment.  Similar  results  have  been  obtained  by  Howard 
et  al.  (1949). 


Table  5 

Condition  of  patients  12  months  after  beginning  of  treatment  as  compared 

ivith  condition  on  admission. 


Group 

Total 

Improve¬ 

ment 

No  change 

Deteriora¬ 

tion 

Death 

Strepto¬ 

mycin 

55  100% 

31  56% 

7% 

8  15% 

12  22% 

treated 

Control 

52  100% 

16  31% 

5  10% 

7  13% 

24  46% 

A  recent  preliminary  report  on  a  elinieal  trial  by  the  Medical 
Research  Council  (1949)  records  a  very  important  finding.  The 
combination  of  P.A.S.  (20  grams  per  day)  with  streptomycin 
(1  gram  per  day)  in  the  treatment  of  acute  forms  of  pulmonary 
tubereulosis  reduees  eonsiderably  the  risk  of  development  of 
streptomyein-resistant  strains  of  tuberele  baeilli  during  the  six 
months  following  the  start  of  treatment.  It  is  not  yet  known 
whether  the  same  results  are  obtainable  in  other  forms  of  tuber¬ 
eulosis  amenable  to  streptomyein  therapy.  These  high  doses  of 
P.A.S.  are  not  well  tolerated  by  some  patients  and  it  remains  to 
be  seen  whether  the  same  effect  can  be  produeed  with  lower 
P.A.S.  It  is  possible  that  the  chemical  compound  of 
P.A.S.  and  streptomycin  described  by  Hobby  et  al.  (1949)  may 
prove  even  more  satisfactory. 

Favourable  results  have  also  been  obtained  with  streptomycin 
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in  more  chronic  forms  of  indolent  pulmonary  tuberculosis  of 
limited  extent  and  severity,  which  had  not  been  arrested  by  long 
periods  of  treatment  by  conventional  means  (Hewlett  and 
O’Connor,  1948).  The  drug  has  also  been  used  in  tuberculous 
bronchopneumonia  in  children  (McLaren  Todd,  1949). 

The  use  of  streptomycin  has  greatly  decreased  the  risks  of 
pulmonar}'^  resection  for  tuberculosis,  lowering  the  mortality  from 
25  to  4.5  per  cent  and  the  occurrence  of  post-operative  empyema 
from  12  to  4  per  cent.  The  results  in  thoracoplasty  are  much  less 
striking  and  it  is  suggested  that  streptomycin  should  be  reserved 
for  the  occasional  borderline  cases  in  whom  the  disease  is  more 
widespread  and  more  exudative  in  character  than  is  usually 
considered  suitable  for  surgery  (Murphy,  1948). 

Tanner  and  his  co-workers  (1948)  have  treated  tuberculous 
cavities  by  local  injection  of  streptomycin  solution.  The  site  of 
injection  is  carefully  controlled  by  X-rays.  The  dose  is  0.5  gram 
in  1  ml.  daily.  Higher  concentrations  are  irritating  and  may 
even  produce  haemorrhage.  This  treatment  is  combined  with 
systemic  administration  of  streptomycin,  and  should  be  used  only 
in  carefully  selected  cases.  Its  chief  value  is  to  prepare  the  patient 
for  subsequent  surgery. 

Good  results  have  also  been  reported  with  streptomycin  (1 
gram  per  day)  in  the  treatment  of  tuberculosis  of  bones  and  joints 
(Bickel  et  al.,  1948).  The  results  in  tuberculosis  of  the  genito¬ 
urinary  system  have  not,  so  far,  been  very  encouraging,  though 
the  drug  will  produce  temporary  improvement  in  the  general 
status  of  most  patients  and  will,  at  least  for  a  time,  clear  the  urine 
of  viable  tubercle  bacilli  (Abernethy  and  Edelbrock,  1949). 
In  combination  with  calciferol,  streptomycin  has  been  very 
effective  in  the  treatment  of  lupus  vulgaris  (Cornbleet.  1948). 


Other  Conditions 

These  are  essentially  infections  of  almost  all  kinds  due  to  many 
species  of  gram- negative  hacillL  Streptomycin  is  highly  effective 
in  the  treatment  of  tulancmia,  a  disease  due  to  the  gram  n^ative 
organism,  P.  tularense.  In  the  acutely  ill  patient  the  effect  is 
most  dramatic  (Berson  and  Harwell,  19i8).  The  drug  is  also 
frequently  successful  in  controlling  the  following  other  miections  : 
(1)  Meninmtis,  due  to  H.  innuenzae,  B.  coh,  Ps.  pyocyanea. 
Proteus,  and  Staphylococcus  pyogenes.  (2)  Septica-mm,  due  to 


STKEPrOMYCIN  IN  OTHER  CONDITIONS 


163 


B.  coli  and  Ps.  pyocyanea.  (3)  Gonorrhoea.  (4)  Urinary  tract 
infection  due  to  B.  coli,  Proteus,  Ps.  pyocyanea,  Str.  fsecalis  and 
Staphylococcus  pyogenes.  (5)  Local  sepsis  in  which  the  following 
organisms  are  involved  :  B.  coli,  Proteus,  Ps.  pyocyanea,  Staphy¬ 
lococcus  pyogenes  and  Haemolytic  streptococcus  (Wilson,  1948). 
In  local  sepsis  the  intramuscular  administration  of  the  drug  may 
be  combined  with  daily  application  of  a  saline  solution  (2  mg.  per 
ml.).  Experimental  work  on  rabbits  suggests  that  streptomycin 
might  be  of  value  in  the  treatment  of  acute  intestinal  obstruction 
by  preventing  the  growth  of  bacteria  in  the  devascularized 
bowel  wall  (Davis  ct  al.,  1948). 

It  must  be  emphasized  that  in  almost  every  type  of  infection 
the  micro-organisms  may  rapidly  become  resistant.  For  example, 
only  about  half  of  the  cases  of  urinary  tract  infections  are 
controlled  by  streptomycin,  and  in  these  the  beneficial  effect  is 
seen  very  rapidly.  Failure  is  almost  always  due  to  the  develop¬ 
ment  of  resistance  and  the  treatment  should  usuallv  not  be 


continued  for  more  than  a  few  days,  and  second  courses  are  useless. 
In  general,  courses  of  treatment  should  be  planned  to  exert  the 
greatest  possible  effect  from  the  beginning  and  some  3  grams  per 
day  is  usually  given  in  adults.  Owing  to  the  short  periods  of 
administration,  toxic  effects  are  unusual  and  not  serious.  In  the 
treatment  of  long  standing  urinary  infections  there  are  now  two 
drugs  which  may  be  better  than  the  sulphonamides— they  arc 
streptomycin  and  mandelamine  (methenamine  mandelate) 
(Rnhsh  Medical  Journal,  1948).  It  remains  to  be  seen  whether 
streptomycin  or  mandelamine  is  the  more  satisfactory.  According 
o  a  recent  report  by  Duca  and  Scudi  (1947)  mandelamine  does 
not  readily  give  rise  to  resistant  strains,  and  this  also  applies  to 
organisms  recently  isolated  from  the  urinary  tract,  which  rapidlv 
ve  opec  resistance  to  streptomycin  and  siilphathiazole  (Scudi 
The  absorption,  distribution  Lnd  renal 
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incorporated  in  milk  (Pulaski  and  Seeley,  1948;  James  et  al, 
1948),  though  the  results  of  Ilolzel  et  al.  (1949)  have  not  been 
encouraging. 


Mode  of  Action 

It  seems  likely  that  streptomyein  has  both  bacteriostatic  and 
bactericidal  actions  (Smith  and  Waksman,  1947).  High  con¬ 
centrations  are  markedly  bacterieidal  and  when  these  are  attained 
they  kill  olf  organisms  v'ery  rapidly  (Garrod,  1948).  This  efleet 
is  of  importance  when  the  drug  acts  locally,  as  in  the  treatment  of 
urinary  infections  or  of  infected  wounds.  It  is  usually  aeeepted 
that  a  chemotherapeutic  substance  acts  only  when  its  eoneentra- 
tion  in  the  body  fluids  is  above  a  certain  level,  and  that  no  effect 
is  produced  when  no  demonstrable  amounts  of  the  substances  are 
present.  Corper  and  Cohn  (1948)  have,  however,  obtained 
evidence  which  suggests  that,  in  the  case  of  streptomycin,  the  effect 
persists  after  the  blood  concentration  falls  below  the  concentration 
to  which  the  organism  is  sensitive.  Thus  they  found  in  one 
experiment,  that  guinea  pigs  treated  for  some  ninety  days  with 
25,000  units  of  streptomycin  daily  and  then  injected  intra¬ 
venously  with  1  mg.  of  virulent  human  tubercle  bacilli  one  day 
after  discontinuance  of  treatment,  when  streptomycin  is  not 
determinable  in  the  blood,  showed  an  increase  of  29  days  in 
average  duration  of  life  as  compared  with  the  untreated  controls, 
whose  average  survival  time  was  22  days.  This  (piestion  obviously 


requires  further  investigation.  •  n?  4-  • 

The  mechanism  by  which  streptomycin  produces  its  effect  is 
unknown,  but  research  on  this  subject  is  actively  proceeding  and 
there  are  a  number  of  interesting  observations.  Geiger  (1947) 
found  that  the  oxidation  of  amino  acids  by  E.  coh  is  great  y 
facilitated  by  pcrn.itting  the  cells  first  to 

carbon  compounds,  and  that  the  increased  ahihty  of  such  L.  eo 
cells  to  oxidize  amino  acids  is  prevented  by  streptomjen  . 
iccording  to  Green  et  al.  (1948)  the  action  ot  streptomycin  oi 
some  organisms,  including  K.  coli,  is  antagonized  by  pyruvic  an 


^'"Gel'ger*states  that  streptomycin  does  not  influence 
uptake  of  icrobic  organisms  in  the  presence  ol 

etal  (1948)  liave  found  that  the  drug  "'terferes  vith  the  carb 
hydrate  metabolism  ot  resting  bacteria.  Henry  et  al.  (quoted  b> 
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Geiger)  reported  at  a  Conference  on  Antibiotic  Ifesearcli  that 
streptomycin  lias  no  effect  on  a  number  of  enzymes  of  staphy¬ 
lococcus  aureus,  including  cytochrome-oxidase,  catalase,  aerobic 
oxidations  and  amcrobic  fermentations  of  a  number  of  carbon 
compounds,  dehydrogenase  systems,  carboxylase,  urease,  and 
carbonic  anhydrase,  but  produces  a  partial  inhibition  of  the 
a?robic  oxidation  of  glycerol.  Bernheim  and  Fitzgerald  (1947) 
observed  that  streptomycin  prevents  the  oxidation  of  benzoic 
acid  by  M.  tuberculosis. 

There  is  also  evidence  that  the  effect  of  the  drug  is  concerned  with 
the  metabolism  of  nucleic  acid.  Gros  and  Machebccuf  (1948)  have 
found  that  this  is  inhibited  by  streptomycin  at  two  stages,  viz.,  during 
the  depolymerization  of  nucleic  acids  and  during  the  liberation  of 
mononueleosides.  It  has  also  been  found  that  streptomycin,  like 
the  acridines,  forms  electro-absorjition  complexes  with  yeast 
nuclcoprotein  (Massart  et  al.,  1947 ;  Gros  and  Bybek,  1948). 


Development  of  Resistance 

A  feature  of  the  aetion  of  streptomycin  is  that  the  organisms 
tend  to  become  resistant  to  the  drug.  This  is,  of  course,  also  seen 
with  other  chemotherapeutic  substances  like  the  sulphonamides 
and  penieillin,  but  the  effect  is  especially  marked  with  strepto¬ 
mycin,  and  may  indeed  come  on  very  rapidly,  as  is  frctpiently  seen 
in  the  treatment  of  urinary  infections  due  to  gram  negative 
organisms,  and  can  also  easily  be  demonstrated  in  vitro  by  repeated 
subeultures  of  organisms  in  increasing  concentrations  of  the  anti¬ 
biotic  (Miller  and  Bohnhoff,  1946).  The  resistance  so  acquired  by 
these  organisms  is  permanent  and  there  is  indeed  a  danger  that 
such  strains,  derived  from  a  case  in  which  treatment  failed,  may 
with  increasing  frequeney  be  found  in  previously  untreated 
patients.  In  tuberculosis  too,  the  organisms  tend  to  become 
resistant  but  here  the  process  is  slower,  and  the  drug  resistant 
strains  cannot  usually  be  demonstrated  in  appreciable  numbers 
until  streptomycin  has  been  given  for  some  60-90  days  (Feldman 
and  Ilmshaw,  1948;  Streptomycin  Committee,  1947).  This 
would  suggest  that  treatment  beyond  that  period  will  usuallv  not 
be  of  nuieh  value,  though  this  assumes  that  the  bacilli  in  the  body 

which  hn'T'f  /''  ^trepto„,yei„  as  they  are  in  vitro,  an  assumption 
whicli  has  not  been  fully  proved. 

1  he  mechanism  by  which  bacteria  become  resistant  to  strepto- 
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niyciii  and  other  clieniotherapeutic  substances  is  unknown.  It 
may  be  that  a  mutation  occurs,  or  alternatively  that  the  more 
susceptible  cells  are  eliminated,  leaving  cells  which  possess  a 
natural  resistance.  This  second  possibility  may  well  explain  the 
dev’elopment  of  resistance  to  streptomycin,  since  this  can  occur 
very  rapidly.  Berkman  et  al.  (194.8)  have  shown  that  the  carbo¬ 
hydrate  metabolism  of  resistant  bacteria  is  essentially  unaffected 
by  streptomycin  whereas,  as  noted  above,  that  of  susceptible 
strains  is  inhibited  by  the  drug.  Both  susceptible  and  resistant 
strains,  however,  absorb  streptomycin  equally  at  the  cell  surface, 
so  that  the  change  w'hich  occurs  during  the  development  of 
resistance  is  presumably  not  due  to  alterations  in  the  surface 
jiroperties  of  the  organisms. 

Another  remarkable  observation  has  been  made  which  may 
throw’  some  light  on  the  mode  of  action  of  streptomycin  and  on 
the  development  of  resistance.  If  organisms  are  grown  in  strepto¬ 
mycin.  there  develop  not  only  variants  w’hich  are  resistant  to  the 
action  of  the  drug,  but  others  which  w’ill  not  grow  at  all  in  the 
absence  of  the  drug,  either  in  vitro  or  in  vivo.  Indeed,  if  such 
“dependent”  strains  of  a  meningococcus  are  inoculated  in  mice, 
they  will  not  produce  any  lethal  effect  unless  streptomycin  is  also 
administered  in  adecjuate  doses,  wdien  the  mice  die  of  a  fatal 
meningococcal  sepsis.  iVIenmgococci  recovered  from  the  heart  s 
blood  of  such  animals  grow  readily  on  cultures  made  on  strepto- 
mvcin  containing  media,  but  not  in  duplicate  cultures  made  on 
strc])tomycin-free  media  (Miller  and  Bohnhoff,  1947  ;  Rake,  1948). 
It  is  possible,  as  has  been  suggested  by  Paine  and  Finland  (1948), 
that  in  sensitive  strains  streptomycin  interferes  with  some  essential 
metabolite,  presumably  related  in  chemical  structure,  whereas 
dependent  strains,  on  the  other  hand,  utilize  streptomycin  as  an 
essential  metabolite  or  growth  factor. 


Other  Dru^s  Used  in  Tuberculosis 
Apart  from  streptomycin,  certain  other  substances  have  been 
trie<l  experimentally  and  clinically  in  the  treatment  of  tubercu¬ 
losis  •  they  are  various  sulphones,  p-amimisahcyhc  acul  and 
semi’carbazmies.  Combinations  of  these  .Irugs  have  « »<> 
investigated.  The  results  with  sulphoues  h.ave.  on  the  w-hole,  i 
been  eLouragi.ig  but  p-aminosalicylie  acu  ,  although  stdl  m  the 
experimental  stage,  appears  to  deserve  further  tria  s. 


SULFIIOXES 
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Buu-Hoi  et  al.  (1949)  have  made  derivatives  of  phthalyl- 
hydrazine  and  elaim  that  some  of  these,  e.g.  the  isoamyloxy-1- 
phenyl-3  phthalazone-4,  are  more  aetive  than  streptomycin  in 
mice  inoculated  with  a  iiuman  strain  of  M.  tuberculosis.  Lupulon,  a 
crystalline  fat  soluble  substance  obtained  from  hops,  has  also 
shown  appreciable  activity  in  experimental  tuberculosis  in  mice 
(Chin  et  al.,  1949). 

Sulphones 

The  chemotherapeutic  activity  of  diaminodiphenylsulphone  was 
discovered  (juite  early  in  the  investigations  on  sulphonamides 
by  Buttle  and  his  co-workers  (1937),  who  demonstrated  its  value 
in  streptococcal  and  pneumococcal  infections  in  mice.  Diaminodi¬ 
phenylsulphone  is,  however,  too  toxic  for  clinical  use,*  and  various 
derivatives  have  been  made  in  order  to  decrease  its  toxicity  and,  if 
possible,  enhance  its  activity,  following  the  report  of  Rich  and 
Follis  (1938)  that  sulphanilamide  had  some  effect  on  experimental 
tuberculous  infections  in  guinea  pigs,  Feldman  and  his  co-workers 
(194‘2)  tested  the  effect  of  the  didextrose  sulphonate  derivative 
of  diaminodiphenylsulphone  (promin)  and  found  that  it  |)rolonged 
the  life  of  guinea  pigs  infected  with  tuberculosis.  Other  sulphones 
which  have  given  interesting  results  are  diasone,  the  disodium 
formaldehyde  sulphoxylate  derivative  (Feldman  et  al.,  1943)  ; 
promizole  (diaminophenyl-thiazole  sulphone)  which  embodies  a 
thiazole  grouping  replacing  one  benzene  nucleus  in  a  diaminodi- 
phenylsulphate  type  of  structure  (Feldman  et  al.,  1944);  and 
sulphetrone,  a  tetrasulphonate  derivative  of  diaminodiphenyl¬ 
sulphone  (Brownlee,  1948).  The  formuhe  of  some  of  these 
compounds  are  given  below  : _ 


Formulae  of  Sulphones 


Diaminodiphenylsulphone 


diaminodipiienyl  tulphonrcan  'safely  be '^venordfvwitho^^  suitable  doses, 
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H0H2C-[H0  hc]^  hchn<^ 
SOjNa 


SOjNa 

Promin 


Na.02S.H2C-HN  ^NH.CH^.SO^Na 


Diasone 


NHj 

/\ 


S — C-NH 


2 


\/-S0a-yN 
H 

Promizole 

Other  sulphones  have  been  investigated  by  Youmans  and  Doub 
(1946)  and  by  Hoggarth  and  Martin  (1948).  It  has  been  clearly 
established  that  these  compounds  retard  the  progress  of  experi¬ 
mental  tuberculous  infections,  but  they  are  not  capable  of 
eliminating  the  organisms  from  animal  tissues. 

Eiseman  (1948)  has  shown  that  by  incorporating  sulphones  at 
one  end  of  a  surface  active  molecule,  a  marked  increase  in  the  in 
vitro  effect  on  the  tubercle  bacillus  can  be  obtained.  He  suggests 
that  this  is  due  to  a  concentration  of  the  drug  molecules  at  or 
beneath  the  mycobacterial  cell  boundary  and  that  this  increase 
in  tuberculostatic  activity  might  also  be  achieved  with  strepto¬ 
mycin  It  still  remains  to  be  seen  whether  this  enhancement  ot 
activity  is  obtained  when  the  drug  is  used  in  uico 

The  use  of  the  sulphones  m  the  treatment  of  tuberculosis  i 
man  has  not  given  any  very  convincing  results.  For  exainple 
Madigan  (1948^)  found  that  sulphetrone  produced  no  beneficia 
effects  in  acute  infections,  though  some  improvement  was  obtained 
in  ci.ronic  lesions.  Other  clinical  investigat.ons 

TT-  1  M  nl  n  048^  and  bv  Fetter  and  Prenzlau  (1944).  tuitner 

"iatTay  inlilte  1  "c  clcLly  in  which  ty,.es  of  cases  these  drugs 

‘'^^^"'r'some  evidence  that  sulphones  and  streptomydn 
pro<luee  a  synergistic  action  on  tuberculosis  .n  gu.nea  pigs 
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(Callomon  et  al,  1946  ;  Smith  et  ah,  1947  ;  Urownlee  and  Kennedy 
1948)  and  this  seems  quite  possible  in  view  of  the  dilTerent  modes 
of  aetion  of  tliese  substanees.  Sueh  a  eombi nation  has  also  been 
used  elinieally  by  ^ladigan  et  al.  (1946)  and  by  Lineoln  and 
Kirmse  (1949)  ;  the  latter  authors  eonelude  that  the  addition 
of  promizole  to  streptomyein  is  of  value  in  the  treatment  of  miliary 
tubereulosis  and  tubereulous  meningitis. 

The  sulphones  have  also  been  used  in  tlie  treatment  of  lejjrosy  Siwd 
the  results  in  this  eondition  seem  definitely  encouraging  {Lancet, 
1948).  Fagct  and  Erickson  (1948)  indeed  state  that,  at  present, 
these  drugs  must  be  considered  the  optimal  treatment  of  le})rosy. 
Cochrane  et  al.  (1949),  in  a  review  of  their  experience  with  various 
sulphones,  state  that  a  50  per  eent  solution  of  sulphetrone  in  water 
is  the  best  preparation  at  present  available;  the  dosage  they  suggest 
is  7  ml.  subeutaneously  twiee  a  w'eek.  (See  also  footnote  on  j).  1 67.) 


P-aminosalicylic  Acid  (P.A.S.) 


-0 


COOH 

OH 


p-aminosalicylic  acid 

The  discovery  of  this  substance  was  made  as  a  direct  result 
of  fundamental  work  on  the  metabolism  of  tubercle  bacilli. 
Bernhcim  (1941)  found  that  benzoic  acid  and  salicylic  acid 
increased  the  oxygen  uptake  of  these  organisms  in  a  more  or  less 
specific  manner,  thus  suggesting  the  possibility  that  they,  or 
similar  substances,  might  be  important  metabolites  of  the  tubercle 
bacilli.  This  led  Lehmann  to  study  the  antitubercular  action  of  a 
large  series  of  structurally  related  compounds  in  the  hope  of 
finding  some  which  would  inhibit  the  bacterial  metabolite  by  a 
mechanism  of  substrate  competition.  He  found  that  of  all  the 
compounds  studied,  p-aminosalicylic  acid  (P.A.S.)  was  the  most 
against  a  bovine  strain  of  tubercle  bacilli  (Lehmann, 

‘^1  o  substantially  confirmed  :  Youmans 

et  a  .  (1947),  for  example,  found  that  the  drug  is  highly  bacterio¬ 
static  vitro  for  virulent  human  tubercle  bacilli  and  that  its 
activity  is  partly  reversed  by  p-aminobcnzoic  acid  and,  according 

/utz'^rmqn  ^  concentrations  of  salicylic  acich 

is  also  reversed 

by  pantothenic  acid  and  hence  does  not  regard  the  reversal  bv 
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p-aminobenzoic  acid  as  specific  in  nature.  Goodacre  et  al.  (1948) 
have  investigated  a  number  of  derivatives  and  analogues  of 
P.A.S.;  no  marked  increase  in  activity  was  found.  P.A.S.  and 
streptomycin  appear  to  act  synergistically  on  tubercle  bacilli 
in  vitro  (Vennesland  et  al.,  1948),  and  this  has  also  been  found  in 
experimental  tuberculous  infections  in  mice  (Moeschlin  et  al., 
1948).  Additive  effects  between  the  two  drugs  have  also  been 
described  in  experimental  infections  of  the  rabbit’s  cornea  and 
mouse’s  cornea  (Rees  and  Robson,  1949,  1950)  and  of  the  guinea  pig 
(Bloch  et  al.,  1949).  Some  data  on  the  combined  value  of  the  drugs 
used  clinically  in  miliary  tuberculosis  are  given  by  Cartensen  and 
Soderhjelm  (1948). 


Experimental  Infections 

The  value  of  P.A.S.  has  also  been  demonstrated  in  infected 
animals,  although  the  results  appear  to  be  greatly  dependent  on 
the  size  of  the  inoculum.  Feldman  et  al.  (1947)  found  that  it 
exerted  a  favourable  inlluenee  on  the  course  of  tuberculous 
infections  in  guinea  pigs  while  McClosky  et  al.  (1948),  using  a 
larger  inoeulum,  failed  to  detect  any  appreciable  therapeutic 
action  in  guinea  pigs  and  rabbits.  It  has  been  clearly  demonstrated 
that  P.A.S.  is  of  value  in  experimental  tuberculosis  in  mice 
(Youmans  et  al.,  1947),  though  not  as  effective  as  streptomycin 
(Moeschlin  et  al.,  1948  ;  Levaditi  et  al.,  1948). 

Absorption  and  fate  in  the  body.  P.A.S.  has  the  great  advantages 
that  it  can  be  given  orally,  being  well  absorbed  in  the  intestine, 
and  that  it  has  a  low  toxicity  and  can  thus  safely  be  given  m  large 
doses  (McClosky  et  al.,  1948).  Methods  for  its  estimation  in  blood 
and  body  fluids  have  been  described  by  Marshall  (1948)  and  Dicken¬ 
son  and  Kelly  (1949).  Its  metabolism  in  various  species  has  been 
studied  bv  Wav  et  al.  (1948)  and  by  Venkataraman  et  al.  (1948). 
After  an  oral  dose  of  4  grams  in  man  a  maximum  plasma  level  o  t  lie 
order  of  7.5  mg.  per  cent  is  reached  in  1-2  hours  and  this  ^ 

less  than  1  mg.  per  cent  within  6  hours.  About  85  per  cent  of  the 
dose  can  be  accounted  for  in  the  urine  within  10  hours ;  in  man  some 

60  per  ceot  of  this  o.aterial  is  recovered  .n  tiie  ‘t,  tte 

of  conjugated  amines.  Ragaz  (1948)  has  demonstrated  th^  the 
coniugation  of  P.A.S.  is  inereased  wiien  acid  is  administered  a 
si.ggefts  tiierefore  tiiat  ti.c  drug  siioiiid  be  given  tiierapeiitieaib 
T  sodium  sait  and  not  as  tiic  free  acid.  Tiie  meehaiiisni  of 
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renal  excretion  was  investigated  and  it  was  found  that  about  25 
per  cent  of  the  drug  is  filtered  by  the  glomeruli  and  the  remainder 
secreted  by  the  tubules.  This  tubular  excretion  can  be  halved  by 
the  administration  of  carinamide,  and  the  therapeutic  application 
of  this  finding  is  being  investigated  by  Horne  and  Wilson  (1949). 

Alin  and  Helander  (1948)  have  investigated  the  distribution  of 
P.A.S.  in  tissues,  taking  advantage  of  the  fact  that  it  gives  a 
strong  green  fluorescence  in  ultra  violet  light.  They  showed  that 
the  substance  is  accumulated  in  elastic  fibres.  In  and  around 
fresh  lung  tubercles  in  mice  there  was  less  P.A.S.  than  in  the  rest 
of  the  pulmonary  tissue,  partly  due.  they  believe,  to  the  destruction 
of  the  elastic  connective  tissue. 

Chmcal  Use.  There  arc  a  number  of  clinical  reports  on  the  use 
of  P.A.S.;  acute  miliary  and  meningeal  tuberculosis  are  not 
affected  but  there  is  evidence  that  it  is  of  value  in  the  exudative 
forms  <rf  pulmonary  tuberculosis  (Erdei,  194.8  ;  Nagiev  and  Long 
949;  Carstensen  and  Sjolin.  1948) ;  also,  given  bv  local  instilla¬ 
tion  m  concentrations  up  to  1(1  per  cent,  in  tuberciilo'us  einpyemata 
and  in  tuberculous  fistiihe  (Steinlin  and  Wilhelmi  1948) 
ycording  to  Nagley  and  Logg  (1949)  treatment  with  P.A.S.  often 
las  the  important  effect  of  making  patients  fit  for  collapse  therapy 
The  drug  IS  given  orally  in  doses  of  the  order  of  12-iiO  G  per  dav 
As  a  rule  it  produces  few  toxic  effects  ;  gastro-intcstiimi  disturb: 
ances  are  not  infrequently  seen  but  they  are  rarely  .severe  enough 

patients  who  received  PA^  ;  i-  <lultures  from 

streptomycin  did  not  show  thiJ\ncrease1nTes-'f ^  pronun  and 
twm/ro.  The  significance  of  thcNP  fin  r  resistance  to  P.A.S. 

tion,  including  the  implication  ^^rther  investiga- 

develop  when^rganiZ  at “.ib  retelrtl:  H  " 

more  chemotherapeutic  agents  sinliiltaileously  *  " 

Semicarbazones 

Uoniagk  and  his 
actn  it>  against  the  tubercle 
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bacillus  both  in  vitro  and  in  vivo.  Their  activity  is  not  inhibited 
by  p-aminobenzoic  acid  and  they  can  be  giv'en  orally,  parenterally 
and  locally  (l)omagk,  1947,  1948).  Certain  of  these  substances, 
of  which  the  most  important  is  ])-acetamido-benzaldehyde  thio- 
semicarbazone  (TBl-698),  have  already  been  tried  clinically,  in 
combination  with  sulphathiazole,  in  the  treatment  of  lupus  and 
pulmonary  tuberculosis,  with  apparently  encouraging  results 
(Moncorps  and  Kalkolf,  1947;  Kuhlmann,  1948),  Certain  toxic 
effects  were  observed,  such  as  initial  gastro-intestinal  disturbances, 
rashes,  moderate  aiuemia,  and  in  diabetics  a  marked  rise  in  their 
requirement  of  insulin.* 

Iloggarth  et  oL  (1948)  have  studied  about  100  derivatives  and 
found  that  activity  is  confined  to  thiosemicarbazones  of  substituted 
benzaldehydes  and  heterocyclic  aldehydes.  The  most  active  and 
least  toxic  of  these  compounds  in  mice  is  the  thiosemicarbazone 
of  p-ethylsulphonyl  bcnzaldehyde  (Compound  8388),  of  which  the 
formula  is  shown  below.  The  activity  of  this  and  several  other 
compounds  is  higher  than  that  of  any  other  synthetic  substance, 
including  p-aminosalicylic  acid. 

^02-C2^5<^  "^CH.N.NH.C^ 


Thiosemicarbazone  derivative 
(Compound  8388) 

Soinks  (1949)  has  devised  spectrophotometric  methods  lor 
estimating  these  compounds.  He  finds  tliat  compound  8888,  when 
■riven  to  mice  and  rabbits,  attains  high  blood  concentrations  and 
“s  only  slowly  eliminated.  A  high  proportion  is  excreted  unchanged 
ill  the  urine  The  persistence  of  this  compound  probably  accounts 
for  its  high  chemotherapeutic  activity,  since  other 
arbazones  are  more  active  in  vitro  hut  much  more  rapidly 
I'niinated  from  the  hotly.  P-aectamidobenzaldehytle,  the  com 
pound  matle  bv  Domagk  and  tested  clinically  by  his  collaboratoy 
lacks  the  pe/sistence  in  the  hotly  shown  by  tompoinul  8388 

(Spiuks,  1949). 

.  The  clinical  results  with 

anti  Uunge.  K..  1950  ’processes  often  responds  well 

is  that  P'do.'OM'-y  that  intr^cavernons  treatment  may  he 
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Chloramphenicol  and  Aureomycin 
Many  new  antibiotics  have  been  recently  isolated,  among  which 
chloramphenicol  and  aureomycin  deserve  special  mention,  although 
they  arc  not,  as  was  at  first  hoped,  active  against  true  small  viruses. 
This  is  still  a  problem  that  awaits  solution.  The  properties  of 
these  two  substances  arc  reviewed  by  Schoenbach  (1949). 


Chloramphenicol  (Chloromycetin) 
llurkholder  and  his  colleagues  of  Yale  University  (Ehrlich  ct  al., 
1947)  found  in  1947  that  an  antibiotic  substance  was  produced  by 
a  new  strain  of  streptomyces,  found  iii  a  soil  samj)le  collected 
near  Caracas,  Venezuela.  The  same  strej^tomyces  has  incidentally 
been  found  more  recently  in  a  compost  heap  in  Illinois  (Gottlieb  et 
al.,  1948).  Agar  cultures  of  this  organism  were  found  to  inhibit 
adjacent  inocula  of  a  wide  variety  of  gram  positive  and  gram 


CH.OH 

I 

ch.nh.cochc^2 

Chloramplienicol 

(Chloromycetin) 


negative  organisms,  and  filtrates  of  deej)  cultures  had  the  same 
antibacterial  properties.  A  crystalline  product  was  obtained  which 
was  called  Chloromycetin  and  is  now  also  known  as  chloramphenicol. 

le  chemical  structure  of  the  substance  was  rapitlly  determined 
and  It  was  found  to  be  l)-(-)-//u-co-l-p-nitrophenyl-2-dichloro- 
acetamido-propane-l  :  3  diol.  Parke  Davis  and  (V,.  have  given  an 
account  of  its  synthesis,  by  a  team  headed  by  Dr.  Leon  A  Sweet 

194V'Zd  to  the  American  Chemical  Society  on  March  29! 

.4.  and  the  synthesis  is  described  by  Controulis  et  al  (194<)) 
Raistnck  (1949)  also  discussed  its  constitution.  No  doubt  rchitecl 
compounds  are  at  present  being  made  and  tested 
Ch  oramphenicol  has  been  man u factored  on  a  commercial  scale 
clinically  (Smadel  efiective  experimentally  and 
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Chloramphenicol  is  active  in  high  dilutions  against  a  number  of 
gram  positive  and  gram  negative  organisms  (Smith  et  al.,  1948), 
but  has  only  a  moderate  activity  against  M.  tuberculosis.  It  is 
active  against  infections  in  mice  with  the  cholera  vibrio  and  this 
suggested  its  use  in  the  treatment  of  human  cholera  and  its 
prophylactic  use  during  epidemics  (Gauld  et  al.,  1949).  By  experi¬ 
ments  on  infected  chick  embryos  and  infected  mice,  chloram¬ 
phenicol  was  shown  to  have  chemotherapeutic  activity  against 
rickettsial  diseases  and  virus  diseases  of  the  psittacosis  lymph- 
granuloma  venereum  group,  but  it  has  no  effect  against  the  true 
viruses,  such  as  Type  A.  inflvienza,  St.  Louis  encephalitis  and  fixed 
rabies  virus. 

Chloramphenicol  was  isolated  in  a  crystalline  form  by  Bartz  et  al. 
(1947),  who  describe  its  physical  and  chemical  properties.  The 
substance  is  only  slightly  soluble  in  water,  but  soluble  in  propylene 
glycol.  It  is  well  absorbed  when  given  orally  to  animals  and  man 
and  rapidly  metabolized,  so  that  only  about  10  per  cent  is  excreted 
in  the  urine.  Hence  frequent  administration  is  necessary  to 
maintain  a  chemotherapeutic  concentration.  It  can  also  be  safely 
given  intravenously,  dissolved  in  an  innocuous  organic  solvent,  e.g. 
propylene  glycol  (Payne  et  al.,  1948).  Its  toxicity  in  laboratory 
animals  is  of  the  same  order  as  that  of  streptomycin  (Smith  et  al., 
1948).  It  can  be  assayed  biologically  by  a  method  involving  the 
inhibition  of  growth  of  Shigella  paradysenteria  (Ley  et  al.,  1948). 

Ley  et  al.  (1948)  showed  that  when  a  dose  of  2  grams  is  given 
to  man,  a  blood  concentration  of  about  20  p.g./ml.  is  rapidly 
produced  and  the  drug  is  detectable  in  the  blood  for  more  than 
eight  hours.  These  authors  also  found  that  repeated  doses  of  0.2 
gram  did  not  produce  a  concentration  detectable  in  the  blood,  but 
the  urinary  concentration  was  maintained  at  about  25  p,g./ml. 
Smadel  and  co-workers  (1948)  also  followed  the  blood  and  urine 
concentrations  in  patients  suffering  from  typhus,  and  found  that 
blood  concentrations  of  the  order  of  5  ;u,g./ml.  could  be  maintained 
by  the  administration  of  1  gram  per  day,  given  as  0.2  grams  at 
four  hourly  intervals.  Glazko  et  al.  (1949)  have  followed  the 
distribution  of  chloramphenicol  in  rats  and  dogs  and  found  high 
concentrations  in  the  kidney  and  liver,  with  progressively  lower 
concentrations  in  the  lung,  spleen,  heart,  muscle  and  brain. 
Incubation  of  the  drug  with  rat  liver  slices  results  m  a  loss  ot 
activity.  In  man  less  than  10  per  cent  of  the  drug  is  excreted  in 
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the  urine  unchanged  but  most  of  the  remainder  is  excreted  in  the 
form  of  an  inactive  nitro  compound. 

The  clinical  investigation  of  chloramphenicol  is  still  in  its  early 
stages  and  only  some  indication  of  its  value  can  at  present  be 
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given.  It  is  clearly  highly  effective  in  the  treatment  of  scrub 
typhus  and  the  possibilities  of  its  use  in  the  prophylaxis  of  this 
disease  are  also  being  investigated  (Smadel  et  al.,  1948  ;  Lancet, 
1949).  It  is  also  rapidly  effective  in  the  treatment  of  epidemic 
typhus  (Payne  et  al.,  1948  ;  Smadel  et  al.,  1948),  especially  when 
given  by  slow  intravenous  injection,  dissolved  in  propylene 
glycol,  and  in  rocky  mountain  spotted  fever  (Pincoffs  et  al.,  1948). 
It  is  also  of  value  in  the  treatment  of  typhoid  fever  (Woodward  et 
al.,  1948),  and  should  be  administered  for  more  than  eight  days  to 
acutely  ill  patients  if  relapses  are  to  be  avoided  ;  there  appears  to 
be  little  advantage  in  continuing  treatment  for  more  than  14  days 
(Smadel  et  al,  1949).  According  to  the  results  of  El  Borolossy  and 
Buttle  (1949),  on  experimental  S.  typhi  infections  in  mice,  a 
combination  of  chloramphenicol  and  sulphadiazine  might  provide 
an  even  more  satisfactory  treatment.  Encouraging  results  have 
been  obtained  with  chloramphenicol  in  the  treatment  of  infantile 
gastro- enteritis  (Rogers  et  al,  1949)  and  paratyphoid  B  fever 
(Curtin,  1949).  Interesting  findings  when  administered  in  early 
syphilis  in  man  have  also  been  reported  (Romansky  et  al.,  1949).* 


Aureomycin 

This  is  also  produced  by  a  mould  of  the  streptomyces  group 
(streptomyces  aureofaciens)  and  was  isolated  b>  workers  at  the 
Lederle  Laboratories.  It  has  been  obtained  in  a  highly  pure 
crystalline  form  and  is  a  golden  yellow  substance.  It  is  soluble 
in  water  and  quite  stable  in  acid  solutions  (pH  4.0).  Neutral  or 
alkaline  solutions  rapidly  lose  their  activity.  Many  findings  on 
aureomycin  are  collected  in  a  number  of  the  Annals  of  the  New 

York  Academy  of  Sciences  (1048,  51,  170-345). 

The  drug  is  active  against  a  number  of  gram  positive  an  gn 
negative  organisms  (Paine  ei  al.,  1948)  and,  aceording  to  Finlan 
et  al  (1948),  it  is  particularly  effective  in  experimental  infections 
with'  rickeLas  and  with  viruses  of  the  psittaeosrs  ' ‘: 

loma  venereum  group.  It  is  also  ^CrTmeS 

Heilman  (1948)  found  it  effective  m  the  i„ 

relapsing  fever  in  mice  and  in  experimental  leptospirosis 
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hamsters,  and  O’Leary  et  al.  (1948)  demonstrated  some  anti- 
spiroehetal  activity  in  primary  syphilis  in  man.  Although  aureo- 
mycin  has  some  action  on  tubercle  bacilli  in  vitro,  the  results  of 
treatment  of  tuberculosis  in  guinea  pigs  and  man  have  been 
negative  (Steenken  and  Wolinsky,  1949  ;  Steinbacli  et  al.,  1949). 

Aureomycin  is  inactivated  too  rapidly  in  vitro  to  determine 
bacteriostatic  concentrations  by  a  24  hour  serial  dilution  method 
as  used  for  penicillin,  and  investigators  have  used  a  dilution 
method  with  Bacillus  cereus  as  the  test  organism,  the  results 
being  read  after  four  hours  of  incubation  at  37°C. ;  this  is  based  on 
the  test  first  described  by  Dornbush  and  Pelcak  (1948).  As 
aureomycin  is  so  unstable  in  body  fluids,  Ilerrell  and  Heilman 
(1949)  store  their  biological  material  in  a  frozen  state  in  a  chamber 
refrigerated  with  solid  COg. 

Aureomycin  is  well  absorbed  when  given  orally  and  rapidly 
appears  in  the  urine.  Some  10-15  per  cent  of  the  dose  given  is 
excreted  hv^the  kidneys.  When  the  drug  is  given  orally  in  single 
doses  of  0.75-1  gram  the  maximum  serum  concentration  (up  to 
4  /xg./ml.)  IS  reached  after  some  3-6  hours  and  this  is  maintained  for 
several  more  hours.  Some  activity  may  be  detected  in  the  serum 
or  ‘  4  hours  or  even  more.  With  continued  administration  serum 
leve  s  up  to  20  ^g./ml.  may  be  found.  The  results  suggest  that 
|x  hourly  oral  doses  of  10  mg.  per  kg.  should  be  adequate  for 
the  ;  ‘  P'^rposes  Following  intramuscular  administration 

dru.  '■»P‘‘*'y>  *"  about  one  hour.  The 

dru  diffuses  into  many  body  tissues  and  Iluids,  includinir  the 

eTet:Tncent“‘ t’-  ”r''"'’  ‘‘  "  ^  ‘berTpeXalty 

oncentrations.  It  passes  through  the  placental  barrier 
and  ;-oncentrated  in  the  liver  and  exerefed  in  tL  iTeTLepp"  i 

in  ai  in  fl  ‘“in  ran‘“  and  produces  almost  no  side  ruction; 

obser  ed  as  wellT  “  diarrhoea  have  been 

Pserved,  as  veil  as  some  rise  in  temperature  (.Spink  et  al.,  1948). 
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this  last  condition  the  effect  is  apparently  as  good  as  that  produced 
by  streptomycin  (Woodward  et  al.,  1949).  Other  conditions  are 
also  being  investigated  including  a  variety  of  diseases  due  to 
bacterial  infections  (Finland  et  al.,  1948  ;  Collins  et  al.,  1948  ; 
Braley  and  Sanders,  1948),  and  also  primary  atypical  non-bacterial 
pneumonia  (Schoenbach  and  Bryer,  1949).  llutenburg  and 
Schweinburg  (1949)  report  good  results  in  urinary  infections  with 
gram  negative  organisms  which  were  refractory  to  previous  treat¬ 
ment  with  other  antibiotics.  The  wider  and  sueeessful  use  of  the 
druer  in  urinarv  tract  infections  is  described  bv  Collins  and  Finland 
(1949);  Willcox  and  Phndlay  (1949)  found  aureomycin  effective 
in  gonoccocal  and  non-specific  urethritis.  Preliminary  results 
suggest  that  the  drug  may  prove  of  value  in  the  treatment  of 
anioebiasis  (McVay  et  al.,  1949),  and  of  anthrax  {Brit.  med.  J., 
1949). 
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CHAPTER  8 


ANTIMALARIAL  DRUGS 


The  last  war  gave  a  great  impetus  to  research  in  tliis  field, 
as  several  campaigns  were  fought  in  areas  where  malaria  was 
prevalent,  and  armies  were  more  than  once  almost  immobilized 
because  of  ineffective  control  of  the  disease.  This  was  due,  to  a 
great  extent,  to  the  fact  that  the  suj)j)ly  of  (piinine  was  cut  off  by 
the  Japanese  invasion  of  the  East  Indies,  but  also  to  a  lack  of 
knowledge  of  the  ])ropcr  use  of  alternative  substances.  The 
advances  which  have  since  been  made  can  be  described  under  four 
headings,  najiicly  : — 

(1 )  Methods  of  large  scale  manufacture  of  drugs  already  known. 
Mepacrine  and  pahiacjuin  were  such  drugs  and  had  previously  been 
manufactured  by  the  (yermans,  and  much  work  and  skill  was 
necessary  to  solve  the  problem  of  their  large  scale  preparation. 
This  was  essentially  a  chemical  })roblcm. 

(2)  The  discovery  of  new  and  more  effective  remedies.  The 
most  important  drugs  so  found  were  proguanil  (paludrine),  penta- 
(lum  and  ehlorocpiine.  Their  diseoverv  resulted  from  the 
collaljoration  of  chemists  and  pharmacologists. 

(3)  The  more  effective  use  of  all  the  drugs  available  in  the 
prevention  and  treatment  of  malaria.  This  involved  large  scale 
clinical  experiments  and  also  some  beautifully  controlled  experi¬ 
ments  on  the  human  subject.  Clinicians  and  parasitologists  were 
essentially  responsible  for  this  work.  The  trials  perfumed  on 
volunteers  „t  a  penitentiary  in  U.S.A.  are  ilescribed  bv  Alving  et 
al.  (UM)  and  experiments  carried  out  bv  l-'airley  and  Ids  col- 
leagues  will  be  referred  to  in  ti.e  section  on'  proguanil. 

the  I  fe  cvcie  0?  tr''’  T'"'  f infoniiation  concerning 

eat  Brda  n  T  ‘"f""'  ''>•  P=»-asitologists  in 

the  findings  is  not  yet  clear  (Marshall,  19+8). 
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Mackerras  and  Ercole  (1949)  conclude  that  quinine  and  mepacrine  > 
appear  to  act  by  inhibiting  the  breakdown  of  haemoglobin  which 
occurs  in  the  presence  of  the  parasites.  These  drugs  have  no  action 
on  parasites  whose  growth  is  independent  of  this  protein.  Pama- 
(juin  acts  as  a  general  protoplasmic  poison,  its  action  being 
independent  of  the  substrate  used  for  metabolism.  Mature 
gametocytes  are  unharmed  by  quinine  and  mepacrine,  but  are 
very  susceptible  to  the  action  of  pamaquin.  Quinine  does,  however, 
inhibit  the  growth  of  young  gametocytes,  whereas  mepacrine 
affects  their  metabolism  in  sueh  a  way  that  they  appear  un- 
pigmented  or  with  only  minute  amounts  of  pigment.  These 
unpigmented  forms  are  capable  of  infecting  mosquitoes. 


The  Life  Cycle  of  the  Malarial  Parasite 

As  is  well  known,  this  can  be  divided  into  two  phases,  i.e.  one 
during  which  the  parasite  is  in  the  mosquito,  and  another  during 
which  it  undergoes  various  changes  in  man  (or  other  hosts,  such 
as  the  monkey  or  a  bird).  The  mosquito,  by  its  bite,  transfers  the 
parasite  to  man  in  the  form  of  the  sporozoite  and  for  many  years 
it  was  believed,  as  Schaudinn  had  described  it  in  1902,  that  the 
sporozoite  penetrates  into  the  red  cell  and  then  undergoes  its  life 
cycle  to  trophozoite,  schizont,  merozoites  and  so  on.  No  one 
had,  however,  actually  been  able  to  confirm  Schaudinn’s  observa¬ 
tion,  and  there  were,  in  addition,  certain  findings  on  the  action  of 
quinine  which  suggested  that  tlie  sporozoites  differed  funda¬ 
mentally  in  their  properties  from  the  parasites  present  m  the  red 
cells.  These  observations  were  made  on  patients  given  malarial 
therapy  for  general  paresis  :  If  a  patient  is  inoculated  with  blood 
containing  malarial  parasites  and  tlie  subsequent  infection  treated 
with  quinine,  he  is  easily  and  permanently  cured.  Hence  the 
parasites  at  that  stage  are  highly  susceptible  to  chem  - 

Iherapeutic  action  of  quinine.  But  if  a  patient  is  inoculated  v  iB 
sporoLites  and  then  treated  with  quinine,  this  does  »ot  preve^^^ 
the  attack  of  malaria  ;  and  tlie  drug  given  at  a  a  ’ 

the  typical  attack  has  developed,  will  only  produee  a  temp^y 
remission  of  symptoms  and  not  prevent  a  relapse.  Henc  _p 
To  tes  and  soiL  forms  descended  from  them,  are  resistant  to  he 
ac  S;  o  quinine.  It  was  also  fonnd  that  if  ,.at,ents  are  nqec  ed 
rntravenoiisly  with  large  amounts  of  infected  corpuscles,  the 
attack  develops  almost  immediately  ;  if  sporozoites  are  mjec 
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ren  in  large  numbers,  there  is  an  incubation  period  of  not  less 
than  five  days  in  malignant  tertian,  and  of  about  nine  days  in  benign 
tertian  malaria.  During  this  period  the  blood  of  such  patients  is 
not  capable  of  infecting  other  subjects. 

These  observations  can  best  be  explained  by  the  assumption 
made  by  a  number  of  observers,  that  the  sporozoites  undergo 
changes  outside  the  blood  for  a  period  of  some  days  ;  from  such 
pre-erythrocytic  forms  parasites  then  pass  into  the  blood  and 
undergo  their  classical  changes.  Exo-erythrocytic  forms  were  des¬ 
cribed  in  bird  malaria  by  James  and  Tate  (1937)  and  by  other 
investigators  ;  this  was  followed  by  the  demonstration  that  in  bird 
malaria,  sporozoites  introduced  into  the  body  (by  moscpiitoes  or 
by  injection)  enter  the  macrophages  of  the  skin  and  other  organs 
and  ])ass  through  several  generations  as  exo-erythrocytic  forms 
before  the  corpuscles  become  infected  (Reichenow  and  Mudrow, 
19-13  ;  Huff  and  C’oulston,  1941). 

That  there  is  an  exo-ervthrocvtic  cvcle  in  malaria  in  man 
vivax)  and  in  the  monkey  (P.  cynomolgi)  is  the  important 
contribution  very  recently  made  by  Shortt  and  Garnham  (1948). 
Thev^  infected  monkeys  with  large  numbers  of  sporozoites  of 
P.  cynomolgi  by  injeeting  them  with  ground  up  mosquitoes. 
The  animals  so  infected  were  examined  in  two  ways.  Either  a 
special  day  during  the  incubation  period  was  selected  and  the 
monkey  was  killed  for  post-mortem  examination  of  all  the  organs, 
or  a  biopsy  was  performed  on  the  liver  of  the  anaesthetized  animal. 
This  could  be  done  frequently  and  the  infection  could  thus  be 
followed  in  the  same  animals  from  the  early  stages  until  the 
establishment  of  blood  infection.  Shortt  and  Garnham  found  that 
large  parasites,  which  they  name  schizonts,  developed  in  the  liver 
and  that  these  ultimately  ruptured  and  released  merozoites.  Ihe 
biopsy  technique  was  used  to  demonstrate  the  presence  of  schizonts 
of  r' vivax  in  the  liver  of  man.  In  addition  to  biting  liy  large 
numbers  of  infected  moscpiitocs,  infected  salivary  glands  o 
mosquitoes  were  injected  intravenously  into  a  patient, 

(lays  later  a  biopsy  specimen  of  the  liver  was  taken.  I  ns  .  _ 

showed  the  typical  schizonts,  in  some  eases  with  * 

merozoites  (see  Fig.  19).  In  order  to  determine  ^ 

pre-ervti.roevtie  forms  are  only  temporarily  present,  n  whetl  er 
rtev  remain'  in  the  animal  after  the  blood  ! 

Shortt  and  Garnham  (19f8)  examined  the  liver  of  a  monkej 


Fk;.  1<> 


Sdiizont  i)iP.  vivo.r  in  human  liver  x  1000.  Note  at  ui)iH‘r  cmkI  tiie 
nucleus  of  the  liver  cell  eontainino  the  parasite,  which  has  itself 
shrunk  away  to  some  extent  from  the  surronndino  liver  tissue. 
Numerous  particles  of  chromatin  are  to  he  seen  inside  the  paradte. 


(Very  kindly  supplied  by  (  ol.  II.  !<:.  Shortt.) 
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three  and  a  half  months  after  a  sporozoite-induced  infection. 
The  infection  was  latent  at  that  stage  and  a  piece  of  liver  was 
removed  for  examination.  They  chose  that  particular  time  for 
the  operation  as  they  believed  that  a  relapse  w'ould  soon  occur, 
and  in  actual  fact  early  ring  forms,  were  found  in  the  blood  on  the 
following  dav.  The  liv'er  biopsy  specimen  contained  t}  pical  exo- 
erythrocytic  schizonts. 

More  recently  still  the  existence  of  a  pre-erythrocytic  stage  in 
the  life  cyele  of  P .  falciparum  has  been  demonstrated  in  an  experi¬ 
ment  on'Mr.  C.  II.  Howard  “who  not  only  cheerfully,  but  on  his 
own  initiative,  offered  himself  for  this  experiment”  (Shortt  et  al., 
1949). 

From  all  their  observations  Shortt  and  Garnham  conclude  that 
“The  inoeulation  of  sporozoites  by  the  infected  moscpiito  is 
followed  by  a  pre-erythrocytic  development  in  the  parenchymal 
cells  of  the  liver,  with  the  ultimate  production  of  merozoites. 
]Many  of  these  enter  the  erythrocytes  to  produce  a  parasita'inia 
and  a  clinical  attack  of  malaria.  Other  merozoites  enter  normal 
liver  cells  and  repeat  the  process  of  exo-erythrocytic  schizogony. 
I’his  latter  process  repeats  itself  indefinitely,  irrespective  of 
whether  the  erythrocytic  cycle  is  present  or  is  in  abeyance  as  the 
residt  of  antimalarial  treatment,  or  a  naturally  acquired  active 
immunity.  The  active  immunity  is  primarily  operative  against 
the  erythrocytic  parasites,  but  also  destroys  those  merozoites 
liberated  by  the  exo-erythroeytic  sehizonts  which  are  destined  to 
enter  red  cells.  Those  which  enter  liver  cells  to  maintain  the 
exo-erythrocytic  cycle  are  proteeted  from  this  immunity  by  their 
intracellular  position  outside  the  circulating  blood.  If,  for  any 
leason,  the  active  immunity  of  the  host  is  impaired,  it  no  longer 
operates  against  the  merozoites,  destined  to  start  the  erythrocytic 

cyele,  and  these  enter  the  blood  cells  and  initiate  a  clinical 
relapse.” 

The  tissue  forms  of  the  parasites  ultimately  do  die  out,  the 
time  required  varying  with  the  Plasmodium  responsible.  In  the 
case  of  P.  falciparum  they  probably  die  soon  after  the  infection 
has  developed  in  the  blood  eori)uscles.  In  the  case  of  P.  vivax 
t  ley  apjiear  to  persist  for  1-3  years,  giving  rise  at  intervals  to 
the  relapses  typical  of  benign  tertian  malaria,  while  the  tissue 

iorms  of  cpiartan  malaria  persist  for  a  much  longer  period,  perhaps 
up  to  20  years.  ‘ 
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The  Discovery  of  New  Drugs 

1  hese  findings  emphasize  that  what  is  needed  in  the  treatment 
of  malaria  is  a  drug,  or  eombination  of  drugs,  which  will  produce 
a  chemotherapeutic  action  against  the  exo-erythrocytic  forms,  and 
not  merely  against  the  blood  forms  of  the  parasite.  This  would 
lead  to  the  eradication  of  the  schizonts  from  the  liver,  thus 
preventing  the  development  of  the  infection  when  given  as  a 
prophylactic,  and  avoiding  relapses  when  given  to  cure  the 
clinically  established  condition.  In  addition,  drugs  effective 
against  the  sexual  forms  w'ould  also  be  useful  since  they  would 
prevent  the  dissemination  of  the  disease.  Lastly,  of  course, 
measures  which  lead  to  the  eradication  of  the  mosquitoes  from  an 
area  are  the  most  certain  way  of  ensuring  that  malaria  is  no 
longer  spread. 

In  practice  drugs  are  used  to  produce  three  main  effects,  viz. 
(1)  Prophylaxis,  i.e.  to  kill  the  parasites  before  they  can  produce  an 
infection,  (2)  Suppressant :  for  this  purpose  the  drugs  are  given 
over  long  periods  and  though  infection  may  occur  its  clinical 
manifestations  are  kept  in  abeyance,  and  (3)  Curative,  i.e.  to 
eradicate  completely  an  established  infection. 

In  the  search  for  new  antimalarials  which  was  carried  out  during 
the  war,  and  which  is  still  proceeding,  many  thousands  of  drugs 
were  tested  on  laboratory  animals.  Some  of  these  investigations 
are  surveyed  in  an  American  monograph  edited  by  Wiselogle 
(1946).  Many  tests  were  carried  out  in  bird  malaria.  For  example, 
in  the  investigations  which  resulted  in  the  discovery  of  proguanil, 
the  initial  tests  on  new  compounds  were  performed  on  young 
chicks  infected  with  P.  gallinaceum  ;  other  hosts,  infected  with 
other  strains  of  parasites,  were  used  to  distinguish  between  drugs 
thought  to  act  in  different  ways  (Curd  et  al.,  1945). 

It  has  recently  been  shown  that  P.  cynomolgi  infections  in 
monkeys  react  to  drugs  in  a  manner  very  similar  to  P .  vivax 
infections  in  man,  and  it  seems  possible  that  rhesus  monkeys  may 
be  valuable  in  a  systematic  search  for  chemotherapeutic  agents 
which  will  cure  human  infections  with  P.  vivax  (Genther  et  al, 

1948). 
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Proguanil  (Paludrine) 

Before  the  war  three  drugs  were  in  use  in  the  treatment  of 
malaria,  namely  quinine,  mepacrine  and  pamaquin.  Many  thou¬ 
sands  of  compounds  have  been  made  which  are  essentially 
modifications  of  these  known  active  substances.  Proguanil  is, 
however,  exceptional  in  that  it  represents  an  antimalarial  with  an 
entirely  new  chemical  structure.  The  story  of  its  discovery  in 
the  I.C.I.  laboratories,  as  told  by  Rose  (1946),  makes  fascinating 
reading.  Starting  with  simple  compounds  containing  the  pyri¬ 
midine  nucleus,  which  is  present  in  so  many  substances  of 
physiological  importance,  they  arrived  at  proguanil  by  a  combina¬ 
tion  of  bold  planning,  patient  trials  and,  most  important,  inspired 
guesswork.  Much  time  was  spent  trying  to  produce  a  substance 
similar  in  constitution  to  riboflavine,  and  possibly  able  to  act  on 
the  parasite  by  a  mechanism  of  substrate  competition,  but  this  did 
not  lead  to  the  discovery  of  any  very  active  compounds.  An  import- 
aiit  advance  was  made  when  it  was  found  that  the  activity 
compounds  under  investigation  was  dependent  on  the  middle 
part  of  the  molecule  consisting  of  alternate  carbon  and  nitrogen 
atoms,  and  this  led  to  the  biguanide  type  of  structure  aiu 
ultimately  to  proguanil.  A  great  advantage  of  proguanil  is  that  1 
can  be  easily  and  cheaply  prepared  in  large  quantities,  and  this  is 
the  first  time  that  a  synthetic  drug  of  this  type  has  becom 

available. 
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Proguanil  inhibits  tlie  development  of  the  blood  forms  of  all 
peeies  of  malarial  parasites  so  far  examined  in  birds  (Curd  et  al., 
945).  The  elfects  of  the  drug  in  man  were  extensively  investigated 
)y  a  team  under  the  direction  of  Fairley  at  Cairns,  Australia,  and 
pli-e  described  by  Fairley  (1940).  This  work  involved  the  experi- 
nental  infection  of  volunteers  with  both  P.  vivax  and  F .  falciparum 
[  nalaria  and  their  treatment  at  various  stages  following  infection, 
soldiers  evacuated  from  New  tiuinea  with  vivax  or  falciparum 
I  nalaria  were  also  treated.  It  was  found  that  proguanil  is  a  causal 
)rophylactic  against  mos(|uito  induced  falciparum  malaria  but  only 
partial  prophylactic  against  vivax  malaria  :  in  the  latter  case 
he  exo-erythrocytic  forms  are  only  inhibited  but  not  destroyed, 
nd  after  the  administration  of  the  drug  has  ceased,  the  surviving 
orms  commence  schizogony  with  eventual  production  of  asexual 
rythrocytic  parasites  and  overt  malaria.  The  drug  in  (juite  small 
OSes  produces  radical  cure  of  falciparum  malaria,  but  even  large 
OSes  fail  to  achieve  this  in  the  benign  tertian  variety.  Working 
.kith  an  African  strain  of  P.  falciparum,  Covell  et  al.  (1949)  found, 
i  s  did  Fairley,  that  proguanil  acted  as  a  true  causal  prophylactic, 
'he  drug,  however,  failed  to  effect  radical  cure  of  infections  with 
his  strain,  a  hiuling  in  marked  contrast  to  the  results  of  Fairley 
»n  the  New  (iuinea  strain  of  P.  falciparum. 

Proguanil  docs  not  act  oji  the  sexual  forms,  i.e.  it  has  no  game- 
>cidal  ptoperties  but,  if  it  is  present  in  human  blood  containing 
[ametocytes  of  either  P.  vivax  or  P.  falciparum  at  the  time  of  in- 
fcstion  by  mosepdtoes,  the  sexual  development  of  these  parasites 
n  the  insect  host  is  inhibited  so  that  the  sporozoites  are  not  formed, 
'his  is  a  very  important  effect  since  it  should  materiallv  decrease 
he  chances  of  infection  in  areas  where  the  drug  mav  be  cx- 
cnsively  used  in  the  suppression  of  the  disease. 

)rug  Resistance 

^^llhamson  and  Lourie  (1947)  have  shown  that  P.  gallinaceum 
an  develop  a  high  degree  of  resistance  to  proguanil,  whicli  is 
ransmissible  through  the  moscpiito  {Aihles  cegypti).  No  such 
sistance  was  obtained  following  intensive  and  prolonged  treat- 
•  ent  with  quinine,  mepacrine,  a  pyrimidine  precursor  of  proauanil 
r  sulphadiazme.  The  development  of  resistance  to  suhSbzhie 
‘  s  since  K  cn  (  escribed  (Hishop  and  McFonnachie,  1948).  Schmidt 
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and  his  co-workers  (1949)  have  found  that  a  high  degree  of  pro- 
guanil  resistance  can  be  developed  when  infections  with  P, 
cynomolgi  are  treated  witli  successively  increasing  doses  of  the 
drug  ;  this  resistance  too  can  be  transferred  through  the  niostpiito 
without  loss.  The  possible  development  of  progunnil  refsistauce 
in  hiunan  malaria  is  obviously  a  matter  that  recpiircs  investigation. 
The  experiments  of  Seaton  and  Louric  (1949)  in  man  suggest 
that  the  danger  of  producing  a  serious  degree  of  resistance  in  a 
strain  of  P.  vivax  by  the  ordinary  use  of  j)roguanil  iu  clinical 
practice  is  very  slight,  if  not  negligible,  but  Cooper  and  his  co¬ 
workers  (personal  communication  from  Dr.  ^V.  C  lark  Cooper)  have 
found  that  resistance  can  easily  be  induced  in  j^atients  experiment¬ 
ally  inoculated  with  the  Chesson  strain  of  P.  vivax,  by  giving  doses 
below  those  required  for  complete  eradieatiou.  This  resistanee  can 
be  transferred  through  the  moscpiito.  Attempts  to  produce 
resistance  to  chlorocpiine  by  similar  teehni(}ues  hav'e  not  proved 
successful.  Dr.  Cooper  concludes  “that  ehlorguanide  (i.e.  j)ro- 
guanil)  resistanee  should  not  offer  mueh  hazard  to  the  individual 
patient  in  a  mildly  endemic  zone.  On  the  other  hand,  use  of  tlic 
drug  for  mass  therapy  and  prophylaxis  in  a  hyiiercndemic  area 
would  seem  to  provide  excellent  opportunities  for  acepured 
resistance.”  He  believes  that  resistant  strains  would  bceonic 
witlespread  under  such  conditions.* 


Absorption  and  Fate 

In  animals  proguanil  is  fairly  rapidly  absorbed  from  the  intestine 
and  about  70-90  per  cent  of  the  dose  is  absorbed  (Schmidt  et  al, 
1947).  The  blood  levels  produced  are  relatively  low,  but  the  drug  is 
concentrated  in  certain  organs,  including  the  lungs,  li\ei,  s])lcen 
and  kidneys.  The  concentrations  iii  red  cells  arc  4-6  times  as  great 
as  those  in  plasma,  and  white  cells  probably  eontain  10-100  times 
as  much  as  plasma.  Proguanil  is  excreted  mainly  in  the  urine  but 

some  reaches  the  large  intestine  (Spinks^  1947). 

The  fate  of  the  drug  in  man  has  been  investigated  by  Macgraitli 
et  al.  (1946).  They  found  that  it  is  (piite  rapidly  absorbed  from  the 
intestine  ;  the  maximum  plasma  concentration  is  reaehed  some 
four  hours  after  ingestion  and  then  tails  to  halt  in  about 
hours.  They  also  determined  the  plasma  concentrations  produeec  . 

*  Tl,e  oeeurreueo  ot  pro^uanil-rc^istant  ialeipanuu  J”'*';';;;"  ’ 

since  been  dc.scril)C(l  l.y  Kdeson,  d.  F.  H-.  and  lucid,  .1.  .  (1  !».>(»,  Hnl.  mea 

i,  147). 
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Sho\vin<);  the  plasma  eoneentrations  and  urinary 
excretion  of  pro^uanil  durinjf  14  day  courses  of 
.■>()()  mg.  and  oO  mg.  twice  a  day. 

X - X  Plasma  concentration  on  .lOO  mg. 

jjroguanil  b.d. 

- Plasma  concentration  o!i  .>()  mg.  pro- 

guanil  b.d. 

n  Urinary  excretion  on  oOO  mg.  proguanil 
b.d. 

■  Urinary  excretion  on  .50  mg.  proguanil 
b.d. 


(.After  Maegraith  et  al.,  1940.) 


by  the  continued  administration  of  tlie  drug  (see  Fig.  20).  The 
Idood  concentrations  arc  about  three  times  those  found  in  the 
plasma,  and  about  75  per  cent  of  the  jdasma  proguanil  content  is 
I)rotein-bound.  The  distribution  of  the  drug  in  organs  is  very 
similar  to  that  found  in  animals,  the  highest  concentration  being 
found  m  the  kidneys.  Of  the  total  dose  given,  40-60  per  cent  is 
excreted  by  the  kidneys,  and  about  10  per  cent  in  the  stools. 
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li>8 

Toxicity 

Tlie  toxicity  of  pro<ruanil  varies  greatly  aioong  dilferent  species 
of  animals  (Schmidt  ct  al.,  1947  ;  llutler  r//.,  1947).  In  man 
the  difference  between  the  effective  therapeutic  dose  and  the 
toxic  dose  is  high  and  definitely  exeeeds  that  possessed  by  any 
other  antinialarial  drug.  Fairley  (1940)  found  tliat  with  the  usual 
dosage,  such  as  300  mg.  daily  for  10-21  days,  significant  toxic 
symptoms  were  not  observed.  In  doses  of  1  G.  per  day  given  to 
volunteers  with  overt  malaria,  toxic  effects  were  seen,  but  they 
were  not  serious  and  could  he  relieved  by  diminishing  the  daily 
tlose  or  by  cessation  of  therapy  for  1-2  days.  The  chief  toxic 
effects  are  vomiting,  and  the  presence  of  red  eells  and  casts  in  the 
urine.  Ciross  luematuria  occasionally  develoiJs.  No  toxic  effects 
were  obtained  when  the  drug  was  given  as  a  suppressant  over 
periods  of  three  months  (100  mg.  per  day)  or  six  months  (100  mg. 
twice  weekly).  Later  reports,  however,  suggest  that  the  prolonged 
administration  of  proguanil  for  prophylactic  purposes  may  produce 
loss  of  appetite,  reduetion  of  weiglit  and  lack  of  energy  (Annota¬ 
tion,  1949)  and  similar  effects  have  also  been  observed  in  experi¬ 
mental  animals  (Schmidt  et  al.,  lf)47).  It  has  been  shown  that 
proguanil  inhibits  the  gastric  secretion  in  animals  and  num  (Hum 
and  Vane,  1948  ;  Vane  ct  al.,  1948)  and  this  may  possibly  explain 
these  effects. 


Mode  of  Action 

Curd  and  Rose  (1940)  have  inade  the  interesting  suggestion  tliat 
the  action  of  proguanil  is  due  to  an  interference  with  the  porphyrin 
metabolism  of  enzyme  systems  of  the  malarial  parasite.  The  ding 
forms  a  copper  derivative  in  which  two  molecules  of  proguanil  arc 
combined  with  one  atom  of  cojiper.  This  complex  is  rather  similar 
in  structure  to  the  naturally  occurring  por[>hyrm  pigments  and 
might  thus  compete  with  them  at  some  stage  of  their  metabolism 

in  the  parasite.  . 

It  has  been  shown  that  proguanil  has  no  action  in  vitio  on  the  - 

erythrocytic  forms  of  gallinamm 

forms  of>.  ajHomnlgi.  The  senm,  of  annuals  winch  Inive  reten 
;:ceiyecl  proKua.nl.'or  proguanil  which  been  n,cnl.a  o.l  w  I; 

minced  liver,  has  a  marked  action  in  vitro  (Hawking  fL- 

1948).  This  suggests  that  proguanil  itself  is  not  actn  e  j  ^ 

modia  but  that  it  can  somehow  be  modified  m  the  bo(  \  ,  pt 
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bv  the  liver,  so  that  it  becomes  actively  plasmodicidal.  This 
conclusion  is  also  supported  by  the  investigations  of  Madinaveitia 
and  Kaventos  (1949).  They  found  that  antimalarial  substances 
inhibit  certain  effects  of  adenosine,  which  may  mean  that  anti- 
malarial  action  in  some  way  involves  interference  with  a  process, 
essential  to  the  parasite,  in  which  adenosine  or  a  derivative 
thereof  is  concerned.  Proguanil  itself  does  not  act  in  this  respect 
like  the  other  antimalarials,  but  the  blood  of  guinea  pigs  treated 
with  proguanil  does  antagonize  the  action  of  adenosine  ;  this  is 
taken  as  evidence  that  proguanil  is  metabolized  to  a  compound 
active  against  the  malarial  parasite. 


Pentaquine  and  Pamaquin 

These  drugs  are  similar  in  chemical  composition  and  actions 
and  are  derivatives  of  aminoquinoline,  with  a  methoxy  group 
(CII3O)  in  position  8  (see  formula?  on  p.  193).  Pamaquin  has  actions 
on  the  gametocytes  and,  in  combination  with  quinine,  is  highly 
effective  in  the  treatment  of  malaria,  but  its  toxicity  has  pre¬ 
cluded  its  general  use  for  this  i)urpose,  though  Monk  (1948) 
believes  this  has  been  greatly  exaggerated.  Pentaquine  is  less 
toxic  than  pamaquin  and  can  thus  be  used  more  safely  in  combina¬ 
tion  with  (juinine  in  the  treatment  of  malaria.  A  still  newer 
compound,  isopentaquim,  is  apparently  even  less  toxic  than 
pentaquine  (Alving,  1948). 


Absorption  and  Fate 

Pentaquine  is  rapidly  and  completelv  absorbed  from  the 
intestine  of  experimental  animals.  Peak  plasma  levels  are  obtained 
between  one  and  a  half  and  two  hours  after  administration  and 
decline  steadily  thereafter.  With  doses  of  30  mg.  per  dav  the 
average  plasma  concentration  is  3.4  /xg./lOO  ml.;  ranging  >rom 
-.0  to  4.8  ^g.  /lOO  ml.  (Alving  et  al,  1948).  The  concentrations 
which  remain  at  the  end  of  6-8  hours  are  barely  detectable  with 
the  method  available  (i.e.  they  must  be  less  than  2  ug./lOO  ml. 
o  plasma).  Not  more  than  15  per  cent  of  the  amount  ingested  can 
l>e  recovered  from  the  urine.  Feuta.juiue  is  rapitllv  metalrolized 
ami  unlike  niepaerme  and  chloroquine,  is  not  concentrated  in 
le  tissues  even  with  prolonged  treatment.  Hence  the  metabolism 
of  pciitaipnne  is  very  similar  to  that  of  pamannin,  the  only 
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significant  difference  l)eing  that  the  j)lasina  levels  of  pentaquine 
are  maintained  somewhat  longer  than  those  of  pamaquin. 

The  fate  of  the  drugs  in  man  is  very  similar.  Plasma  levels  of 
pentaquine  can  be  fairly  well  maintained  by  administering  the 
drug  on  a  four  hour  sehedule  throughout  the  day  and  night.  The 
eoncentration  of  the  drug  in  the  plasma  is  usually  slightly  lower 
than  that  whieh  results  from  the  administration  of  an  equivalent 
dose  of  pamacpiin  (Loeb,  1946). 

Actions 

Penta(|uine,  like  pamaquin  and  several  other  8-methoxy-amino- 
(piinolines,  exerts  a  definite  prophylaetie  effect  in  P.  vivax  infec¬ 
tions  of  the  C'hesson  strain.  The  strain  of  the  infeetion  is  usually 
stated  in  experimental  work,  as  different  strains  vary  widely  in 
their  response  to  drugs.  The  Chesson  strain,  obtained  in  the 
Pacifie,  is  one  which  is  comparatively  resistant  to  the  aetion  of 
drugs.  The  effects  of  pentaquine  and  related  substanees  are 
])robably  exerted  on  the  pre-erythrocytic  stages  of  the  malarial 
jjarasite.  The  doses  which  have  to  be  used,  however,  are  near  the 
maximum  amounts  tolerated,  so  that  these  drugs  cannot  be 
used  as  causal  prophylactics,  but  the  fact  that  they  have  an 
action  on  the  exo-erythroeytic  forms  probably  help  to  exi>lain  why 
a  combination  of  pentaxpiine,  or  pamaquin,  with  quinine  is  so 
eflbctive  in  the  treatment  of  P.  vivax  infections  and  in  the 
prevention  of  relapses,  which  arc  ])resumably  due  to  the  survival 
of  exo-erythrocytic  forms  in  the  liver.  Of  interest  too,  is  the  finding 
that  in  those  subjeets  whose  primary  attacks  were  not  jirevented 
bv  prophylactic  treatment  with  the  8-amino(piinolines,  there  is 
evidence  that  the  disease  is  so  altered  by  the  prophylactic  therapy 
that  it  is  rendered  susceptible  to  eure  by  drug  regimes  usually 
ineffective  in  preventing  relapse  (.Tones  et  al..  1948).  The  curatne 
effects  of  pentaquine  in  P.  vivax  infections  (Chesson  strain)  are 
described  bv  Alving  et  al.  (1948).  Even  when  given  alone  the  drug 
has  some  action  in  preventing  relapses,  but  this  is  greatly  enhanced 
by  combining  it  with  (piinine. 


iTi  animals  the  toxicity  of  ponta(|mne  is  about  one 
poarter  tliat  of  pamapnin.  The  ratio  varies  in  ihfferent  specie^ 
and  with  different  methods  of  administration. 


1 

The  toxicities  of 


201 


PEXTAQUINE  AM)  PAMAQUIN 

both  drugs  are  increased  two  to  four  times  by  the  coneurrent 
administration  of  (juinine  (Loeb,  1946).  These  effects  have  been 
studied  quantitatively  by  Chen  and  Geiling  (1947). 

When  given  in  man  in  doses  of  60  mg.  per  day  (of  tlie  base) 
toxic  effects  severe  enougli  to  cause  discontinuance  of  the  treat¬ 
ment  are  rarely  seen.  The  toxic  effects  are  similar  to  those 
produced  by  pamacpjin.  and  consist  of  abdominal  discomfort  and 
pain,  anorexia  and  occasionally  transient  weakness,  headache  and 
diarrhoea.  Alving  et  al.  (1948),  who  made  these  observations,  also 
found  that  the  plasma  concentration  with  this  dose  varied  from 
29  to  49  jjig.  per  litre  and  was  raised  when  proguanil  was  given  at 
the  same  time,  though  the  theraj^eutie  effectiveness  was  not 
increased.  When  higher  doses  (120  to  ISO  mg.,  i.e.  two  or  three 
times  the  therapeutic  dose)  were  given  to  volunteers,  the  toxic 
symptoms  were  severe  and  included,  in  addition  to  those  mentioned 
above,  methcTinoglobinjemia  and  the  production  of  long  j)crsistent 
postural  hypotension  and  syncope  (Craige  et  al.,  1948).  The 
toxicity  of  pentaquine  is  definitely  lower  than  that  of  pamaciuin 
or  other  related  amino(]uinolines  (Alving  et  al.,  1948). 

In  the  treatment  of  P.  vivax  malaria  a  daily  dose  of  60  mg. 
of  pentaquine  base  (equivalent  to  80  mg.  of  the  diphosphate, 
which  is  the  compound  usually  used)  and  2  G.  of  (piinine  are 
recommended.  1  he  drugs  should  be  given  concurrently  in  divided 
doses  every  four  hours  for  14  days  and  this  should  produce  radical 
cure  of  severe  infections.  It  is  emphasized  that  pe.itaquine  should 
be  administered  oidy  under  close  mcdic/il  supervision,  prcferablv 
m  hospital.  Monk  (1948)  states  that  60  mg.  of  the  drug  peV 

day  IS  too  high  a  dose  to  be  given  as  a  routine  without  further 
extensive  trials. 


Chloroquine  and  Mepacrine 

Tliesc  two  substances  liave  similar  actioTis  on  the  ervtlirocvtic 
ionns  ol  /  .nma,  an<l  P.  faU-iparum.  They  are  ineffeetiVc  anainst 

e  qiuckh  aborte(  by  proper  treatment.  If  thev  are  due  to 

rpbr  1  T  "ifcctions.  Overt  attacks  are  cured  but  a 

Stn proportion  of  treated  patients  suffer  relaiise 
_tud  es  of  the  antimalarial  activity  of  chloroipiine  against  well 
standardized  strains  of vivax  P  i  kam!>t  well 

.  iivax  and  l  .  falciparum  have  shown  that 
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its  activity  is  about  three  times  that  of  mepacrine  (Loeb,  1946). 
C'hloro(juine  has  the  additional  advantage  that  it  is  colourless  and 
lienee  does  not  stain  the  skin. 


Mepacrine 

This  was  discovered  by  Schuleniann  in  1930  and  used  (juite 
extensively  before  the  war,  but  much  work  had  to  be  done  on  it 
before  it  eould  be  used  effectively  on  a  large  scale  during  the  war. 
It  was  then  extensively  used  in  the  control  of  malaria  in  many 
theatres  of  operation. 

Mepacrine  is  readily  absorbed  from  the  intestine,  but  only  a 
small  fraction  of  the  daily  dose  is  excreted  in  the  urine.  Substances 
derived  from  mepacrine  have  also  been  identified  in  the  urine 
(Ilammick  and  Mason,  1945).  Some  of  the  drug  is  found  in  the 
faces,  even  when  it  is  administered  intravenously  (Army  Malaria 
Heseareh  Unit,  1946).  Much  of  the  drug  is  deposited  in  tissues  ;  for 
examjile,  the  concentration  of  mepacrine  in  the  liver  and  spleen 
may  be  1(),0()()  to  2(),()()0  times  as  high  as  that  found  in  the  plasma. 
Experiments  have  been  performed  to  determine  the  minimum 
plasma  concentration  of  mepacrine  necessary  to  relieve  the 
symptoms  and  remove  the  parasitaMiiia  in  malaria.  In  the  case  of 
1\  vivax  infections  30  /xg.  per  litre  maintained  for  four  days  is 
suflicient.  but  50  fig.  per  litre  maintained  for  six  days  is  necessary 
for  1\  falciparum  malaria  (Blanchard,  1947).  Oral  doses  of  the 
drug  needed  to  maintain  plasma  concentrations  above  these 
critical  levels  were  worked  out.  and  their  use  has  given  very 
satisfactory  results  in  the  treatment  of  malaria.  Ellerbrook  W  a/. 
(1945)  eave  2.8  G.  of  mepacrine  in  one  week  to  patients  sufteiing 

from  malaria  and  foviiid  an  average  fasting  plasnia 
of  41  to  5'.>  ug.  per  litre,  .\ftcr  cessation  of  treatment  the  levels 
decreased  slowly,  so  that  by  four  weeks  after  beginning  o 
treatment  the  average  fasting  eoiieeiitration  was  s  ,11  «  1 

litre  (see  Fig.  21 ).  The  therapeutic  results  with  this  dose  ^^e 
satisfactory.  The  plasma  eoneentrations  were  j  “ 

method  of  Masen  (,n.h3),  which  ,s  sens,  ive  and 

to  differentiate  between  mepacrine  and  its  (luores  ‘  ; 

tCralth  and  his  eo-workers  (11,46)  fonml  that,  on  a  therap^.tie 
eonrse  of  4.6  grams  of  mepaerme  over  twelve  ,^a>s, 

plasma  eoneentration  was  63  2  pg.  ''‘7’  “e  in 

per  litre.  l'|)  to  8(1  per  cent  of  the  mepaciine 
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whole  blood  is  in  the  white  eell  layer  (Arniv  Malaria  Heseareh 
I’liit.  1916). 

Chloroquine 

This  was  diseovered  and  patented  in  Germany  before  the  war 
but  was  not  tlien  snbjeetcd  to  intensive  biologieal  testing  or 
adequate  elinieal  study. 

C'hlorocphne,  used  as  the  diphosj)hate,  is  rapidly  and  eompletely 
or  nearly  eompletely.  absorbed  from  the  intestine.  Some  10-20  per 
eent  of  it  is  slowly  exereted  nnehanged  in  the  urine,  though  its 
exeretion  is  somewhat  more  rapid  than  that  of  mej^aerine. 
Considerable  amounts  are  deposited  in  eertain  organs  and  tissues, 
and  it  IS  eoneentrated  in  nueleated  cells,  particularly  those  of  the 


sroup  ‘'of'  paMchr  who"ro<TiveT"'8^  '* 

oeviation  ,,e.  i„e,„de» 

(After  Ellorlirook  el  ,d.,  I!)43,) 
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liver,  spleen,  kidneys  and  lungs.  These  organs  eontain  from  200 
to  500  times  the  amounts  present  in  the  plasma.  The  drug  is  also 
coneentrated  to  a  considerable  extent  in  leucocytes.  Hence  its 
pattern  of  distribution  is  similar  to  that  of  mepacrine.  Chloroquine 
is  metabolized  in  the  body  but  this  occurs  slowly  and  it  may  be 
detected  in  body  tissues  for  more  than  a  week  after  cessation  of  its 
administration  (Loeb,  1946). 

There  is  little  difference  in  the  toxicity  of  chloroquine  and 
mepacrine  in  animals.  In  man  no  serious  toxic  effects  have  been 
seen,  and  only  very  occasionally,  usually  with  doses  higher  than 
those  necessary  for  either  treatment  or  suppression,  have  indi¬ 
vidual  subjects  refused  to  continue  drug  administration  because 
of  \mpleasant  symptoms.  The  toxic  effects  include  mild  and 
transient  headache,  visual  disturbances,  pruritus  and  gastro¬ 
intestinal  complaints  (Loeb,  1946).  Of  thirty  volunteers  who 
received  chloroquine  for  one  year  in  a  dosage  in  excess  ot  that 
re(|uired  for  antimalarial  suppression,  two  developed  a  lichen-like 
eruption  similar  to  the  rash  occasionally  caused  by  mepacrine. 
The  eruption  promptly  disappeared  when  the  drug  was  dis¬ 
continued,  and  did  not  appear  again  when  these  two  patients  were 
given  chloroquine  at  a  later  period  (Craige  ct  ah,  1948). 

The  Council  on  Pharmacy  and  Chemistry  (1948)  recommend  the 
following  dosage.  For  tTCCitmeut  ol  acute  P .  vivnx  and  P.  f oh  i- 
parutn  infections,  an  initial  dose  ot  1  G.  followed  by  an  additional 
0  5  G.  after  6-8  hours  and  a  single  dose  of  0.5  G.  on  each  of  two 
consecutive  days  (total  of  2.5  G.  in  three  days).  For  suppression 
of  P.  vivox  malaria,  a  weekly  dose  of  0.5  G.  given  at  exactly 
seven  days  interval  is  recommended. 


Comparative  Value  of  Drugs  in  Malaria 
The  malarial  jmrasite  in  the  luunan  host  can  be  affected  b\ 
drugs  at  three  stages  of  its  cycle  and  the  drugs  which  produce  an 
action  at  these  different  stages  of  P.  vivax  arc  shown  m  Table  a. 
The  modern  therapy  of  benign  tertian  malaria  is  most  compre¬ 
hensively  reviewed  by  Monk  (1948).  He  states  that 
infections  present  no  real  therapeutic  dilliciilties,  since  ‘ 

almost  entirelv  be  prevented  by  regular  dosage  with  the  ma  n 
;„tin,alarial  dn,gs.  and  <|uite  easily  eradi.'ated  d 
earlv  enough  and  there  is  no  eerehral  involveriient  t  os  ell  a  ■ 
0949);  hoviver,  foun.l  tliat  infeetion  with  an  Alnean  strain  ol 
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falciparum  was  not  eradicated  liv  treatment  with  pro^uanil  alone, 
though  combination  of  this  drug  witli  mcpaerine,  or  with  quinine, 
was  effective.  Similar  results  were  obtained  by  Chaudhuri  (1948) 
who  found  that  proguanil  alone  failed  to  cure  infections  due  to 
an  Indian  strain  ol'  P.  folciparum.  Hence  the  treatment  of  infec¬ 
tions  with  certain  strains  of  this  parasite  still  ])rcsents  some 
dithculty.  C'ovell  and  his  co-workers  also  found  that  tlie  clinical 
attack  was  controlled  more  rapidly  by  mcpaerine  or  (piinine  than 
by  proguanil,  and  this  too  may  be  of  importance  since  the 
persistence  of  serious  symptoms  in  falciparum  infections  may  lead 


Slioicing  the  drugs  effective  at  ivirious  stages  of  the  life  cycle  of  P.  vivax 

in  man. 


Stage 


Drugs  effective 


Exo-erN'throc^'tic 


Proguanil 

Pentaquine 

Pamaquin 


Asexual 


Quinine 


Mcpaerine 

Pamaquin 

Proguanil 


C'hloroquine 

Pentaquine 


Sexual 


Pamacpiin 
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(quinine)  which  is  not  supposed  to  have  any  action  on  tlie  exo- 
erythroeytic  sta^^e  of  the  i)arasite.  If  the  cure  of  tlic  disease 
involves  the  complete  eradication  of  the  exo-erythroeytic  forms, 
thus  ])reventing  recurrence  after  cessation  of  treatment,  it  is 
difhcult  to  understand  why  the  action  of  pama([uin  (or  other  dru^s 
activ'e  against  these  forms)  should  be  enhanced  by  quinine  which 
has  no  action  on  them.  It  is  possible  that  (juinine  does  in  actual 
fact  potentiate  the  elfeet  of  drugs  active  on  the  exo-erythrocytie 
forms.  This  question  recpiires  further  investigation. 

Of  the  combinations  of  drugs  tried  in  the  cure  of  P.  vivax 
malaria,  the  most  important  are  ([uinine  and  pamaquin,  prt)guanil 
and  pamaquin,  and  (piinine  and  pentaquine. 

lleforc  the  introduction  of  proguanil  and  pentac[uine,  the 
combination  of  quinine  with  pamaquin  represented  the  standard 
course  of  treatment.  Quinine,  0.65  G.,  with  pamatpiin  10  mg,  is 
given  eight  hourly  for  10-1 1  days,  and  produces  a  radical  cure  in 
some  80-90  per  cent  of  patients  ;  toxic  elfects  are  uncommon  and 
rarely  recpiire  modification  of  dosage. 

When  proguanil  (100  mg.)  is  combined  with  pamaquin  (10  mg.) 
and  given  8  hourly,  the  residts  arc  at  least  as  good  as  those 
obtained  with  the  tjuinine-pamaquin  course.  With  this  dosage 
side  effects  are  almost  negligible,  and  it  may  well  be  that  this  is  the 
optimum  combination  of  those  so  tar  inv'cstigatcd. 

Preliminary  results  suggest  that({uinine  0.65  G.  and  pentaquine 
20  mg.  at  8  hourly  intervals  may  be  cv'cn  better,  but,  according  to 
.Monk  (1948),  the  general  malaise  and  anorexia  ot  the  great 
majority  of  patients  receiving  this  course  was  in  marked  contrast 
to  the  gmod  health  and  ai)petite  of  those  treated  with  quininc- 
pamaquin.  Good  resnlts  with  such  a  combination  in  relapsing 
eases  of  vivax  malaria  have  been  reported  by  .Straus  and  Gennis 
(1948),  and  also  by  Coggcshall  and  Rice  (1949)  who  state  that 
toxic  reactions  were  not  sufficient  to  cause  concern,  and  were; 
largely  those  commonly  associated  with  the  use  ol  (pnnme. 

Proguanil  is  of  outstanding  value  as  a  prophylactic.  In  doses 
100  mg.  once  dailv  it  can  produce  complete  suppression  ol 
manifestations  of  malaria,  altl.onsrh  it  docs  .,ot  prevent  the  estab¬ 
lishment  of  vivax  infection.  This  treatment  may  supersede  th, 
use  of  mepacrine,  and  possibly  also  ehloroqume 
though  further  investigatioTi  ol  the  relative  \ahic  of  th  s  „ 

is  necessary. 


of 
of  all 
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THE  AT  MEM'  OF  MALARIA 
Conclusions 

It  is  obvious  that  the  problem  of  malarial  control  is  not  yet 
solved,  though  great  advanees  have  been  made,  and  the  discovery 
of  exo-erythrocytic  forms  in  the  liver  of  primates  should  be  a  great 
help  in  the  experimental  approach  to  the  problem.  Proguanil 
is  undoubtedly  of  great  value  as  a  suppressant,  and  its  low  toxicity 
allows  it  to  be  taken  easily  over  long  j)eriods.  Two  other  new  drugs 
have  been  investigated  and  may  well  replace  older  compounds, 
thloroquine  is  less  toxic  and  more  effective  tha?i  mepacrine  in 
the  treatment  of  malaria  and,  in  addition,  does  not  stain  the  skin. 
If  the  results  with  this  compound  are  confirmed  it  will  mean  that 
mepacrine  should  no  longer  be  used.  The  case  of  pentaquine  is  not, 
as  yet,  convincing.  It  has  actions  similar  to  pamaquin  and  may  be 
less  toxic  and  more  effective  but  this  recpiires  further  investigation. 

No  single  drug  is  satisfactory  for  the  complete  cure  of  P.  vivax 
malaria.  Combinations  of  quinine,  or  proguanil,  with  pamaquin, 
or  pentacpiine,  are  more  eflicacious  than  any  one  drug,  and  one  of 
these  combinations  undoubtedly  represents  the  best  method  at 
present  available  for  the  treatment  of  P.  vivax  malaria.  P.  falci¬ 
parum  infections  are  much  more  easily  eradicated  and  proguanil 
IS  probab  y  the  best  drug  for  this  jnirpose,  though  it  may  have 
to  be  combined  with  pamaquin  or  quinine  in  infections  with  certain 
strains.  There  i^s  now  no  justification  for  using  quinine  alone  in 

his  dn  however,  that 

his  drug  acts  more  rapully  tlian  any  otlier  in  controlling  a 

ISapL'!”’  ■  ^  P'-fventinK 
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CHAPTER  9 


ANTRYCIDE 


Large  areas  of  good  pasture  lands  in  some  parts  of  Africa  are 
unsuitable  for  cattle  and  other  livestock  because  of  the  incidenee 
of  trypanosomiasis  carried  by  the  tsetse  fly. 

The  disease  could  be  controlled  by  the  eradication  of  the  fly 
but  this  is  a  long  and  costly  process  which  has,  however,  already 
achieved  some  success.  Much  can  be  done  to  decrease  the  conse¬ 
quences  of  the  infection  by  improving  the  nutrition  and  water 
supply  of  the  cattle.  Nevertheless  a  drug  which  could  control 
the  disease  would  still  be  of  outstanding  value,  greatly  increasing 
the  supply  of  meat  and  other  animal  products. 

There  are  a  number  of  species  of  trypanosomes  and  their  reaction 
to  drugs  varies  greatly.  T.  coiigolense  is  probably  of  greatest  sig¬ 
nificance,  though  the  recent  work  described  by  Davey  suggests  that 
T.  vivax  is  also  very  frequently  foiind  in  cattle.  A  great  advance 
in  the  chemotherapy  of  T.  congolense  in  cattle  came  with  the  intro¬ 
duction  of  phenanthridinium  compounds  by  Browning  and  his 
co-workers  in  1938  ;  the  most  important  of  these,  compound 
1553,  was  named  dimidium  bromide.  Antrycide,  discovered  by 
Curd  and  Davey,  represents  a  further  striking  advance  in  this  field, 
though  it  still  docs  not  appear  to  be  the  complete  answer  to  this 
chemotherapeutic  problem.  Much  further  work  remains  to  be  done 
with  it  and  only  a  brief  discussion  is  possible  at  this  stage.  M  e 
are  greatly  indebted  to  Dr.  Davey  for  some  of  the  unpublished 
information  and  recommendations  given  below.  Incidentally, 
ex'peri mental  work  with  cattle  in  these  regions  is  not  particularly 
easv,  and  the  investigator  has  to  contend  with  a  number  of  unusual 
dillieulties,  including  sometimes  the  protection  of  his  animals 

against  lions  ! 


Constitution  and  Pharmacology 

-Vntryeide  is  the  name  given  to  4-ammo-6-(2  -aniino-6  -metli>  l- 
pvrimidyl-4'-aniino)  qiiinaldine-l  :  I'-dimetho  salts  and  the 

formula  is  shown  on  p.  211-  (Curd  and  Davey,  1949). 
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Antrycide 


where  X  is  Cl(autryeide  chloride)  or  CII3SO4  (antrycide  metliyl- 
sulphate).  These  are  botli  white  crystalline  solids  which  appear 
to  have  equal  trypanocidal  activity,  once  they  arc  brought  into 
contact  with  tryj)anosoincs,  l)iit  they  j)ossess  widely  different 
sohd)ilities  in  water  which  give  them  different  pharmacological 
pro])erties.  The  methyl  sulj)hate  is  soluble  to  the  extent  of  about 
3.‘i  |)er  cent  in  water,  whereas  the  chloride  is  soluble  only  to  the 
extcjit  of  0.12  per  cent.  .Vfter  subcutaneous  or  intramuscular 
injection  the  chloride  is  absorbed  slowly,  the  methyl  sulphate 


Fig.  22 

Ihe  concentration  of  Antrycide  in  the  plasma  of  calves 
lol lowing  subcutaneous  injection. 
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ANTRYCIDE 


rapidly.  Spinks  (11)49)  has  developed  a  lluorimetrie  method  lor 
the  determination  of  antryeide,  and  has  determined  the  eoneentra- 
tion  of  the  drug  in  the  plasma  of  ealves  following  the  snbentaneous 
administration  of  comparable  doses  (5  mg.  kg.)  of  the  chloride 
and  methyl  snlphate  (Fig.  22). 

Owing  to  its  low  solubility,  antryeide  chloride,  when  given  by 
injection,  forms  a  depot  which  is  slowly  absorbed  and  this  salt 
is  therefore  suitable  for  prophylaxis.  As  will  be  seen  below  the 
duration  of  prophylaxis  in  cattle  is  not  as  long  as  might  be 
desirable,  and  it  is  (]uite  likely  that  other  j)reparations  of  antry- 
cide,  givdng  eficetivc  ehemotherapeutie  concentrations  for 
prophylactic  purposes,  will  be  made  and  investigated. 


Trypanocidal  Properties 

Figures  showing  the  relative  curative  activities  of  antryeide  and 
of  dimidium  bromide  in  mice  infected  with  various  strains  ol 
trypanosomes  are  shown  in  Table  6,  while  the  prophylactic  effect 
of  antryeide  is  illustrated  in  Table  7 . 


Table  (i 

Minimum  curative  dose  (mg-lkg.)  of  antryeide  and  dimidium  bromide  in 
mice  infected  leith  various  strains  of  trypanosomes. 


Drug 

T.  rhodesi- 

T.  equiper- 

T.  equimini 

T.  evansi 

T.  eongolensc 

ense 

dll  111 

Antrveide 

12.5-25 

0.5 

1  .0 

2.5  5 

1-2 

(S.C.) 

Dimidium 

>  25 

V 

IC 

>25 

2-4 

bromide 

(I.P.) 

Table  7 


ProphylaMc  effect J  "<;IPlride  b,nncc  ly&fTcsM 


T  oo  go  ens;"  7V  figures  shute  the  m, miter  of  mice  teMek 
A  b  .  AA..-  4he,  n^etnhulnrt  r  dose  of  the 


Dose  of  antryeide  ehloride 
(nig./kg.) 


10/10 

8/8 

8/10 


Results  — 
4 

weeks  after  trealiuent 

6  « 

8/8 

6/0 

7/8 

8/8 

1/0 

0/8 

0/8 

10 

1/8 


Toxicity 

'Fhe  methyl  sulpliate  is  more  toxic  than  the  cliloride  when  given 
by  subcutaneous  injection  ;  for  example,  mice  have  been  given 
more  than  1  gram/kg.  and  rabbits  more  than  200  mg./kg.  of  the 
chloride  without  any  marked  general  toxic  effect,  whereas  much 
smaller  doses  of  the  methyl  sulphate  produce  toxic  effects,  the 
M.L.D.  in  mice  being  20  30  mg./kg.  subcutaneously,  15-20 
mg./kg.  intraperitoneally,  and  10-15  mg./kg.  intravenously. 
'I’hese  differences  between  the  two  salts  are  of  course  due  to 
differences  in  solubility.  From  the  evidence  so  far  available  the 
thera])eutic  index  of  the  substance  in  cattle  is  not  particularly 
high.  The  suggested  therapeutic  dose  of  the  sulphate  is  5  mg./kg. 
but  a  dose  in  excess  of  10  mg./kg.  can  be  toxic  (Wilson,  1049). 
'fhe  toxic  symptoms  sometimes  develop  quickly,  the  animal 
losing  consciousness  and  dying  two  to  six  hours  after  treatment ; 
in  other  cases  a  severe  gastro-entcritis  develops  48  hours  after 
treatment,  and  death  occurs  betw'een  the  sixth  and  twelfth  days. 
Further  investigation  of  the  question  is  desirable.  Davey  recom¬ 
mends  that  animals  should  be  kept  as  ejuiet  as  possible  for  12 
hours  after  treatment,  since  undue  exertion  may  cause  fatalities. 
Local  reactions  at  the  site  of  injection  arc  not  infrecpient  but  are 
not  serious. 


Clinical  Use 

It  is  much  too  early  to  try  and  sum  up  the  value  of  antrycide 
in  the  prophylaxis  and  treatment  of  trypanosomiasis  in  cattle  and 
oUier  domestic  animals,  but  it  is  quite  clear  that  one  of  the  major 
dilliculties  is  the  development  of  resistant  strains  of  the  organism. 
The  drug  tolerance  is  retained  when  the  strain  is  transmitted  to 
clean  animals  by  the  subinoculation  of  blood,  and  drug  tolerant 
strains  of  infection  are  not  eradicated  by  full  curative  doses  of  the 
drug  This  makes  it  particularly  important  that  the  drug  should 
not  be  mishandled,  and  that  it  should  be  given  for  both  prophv- 
lactic  and  therapeutic  purposes  in  doses  which  will  truly  kill  all 
organisms  in  the  body  and  not  allow  of  the  development  of 
resistant  strains,  riiis  is  all  the  more  important  since  there  is 
evidence  that  organisms  resistant  to  antrycide  are  resistant  also 
to  curative  closes  of  dimidium  bromide  (Wilson.  1949).  This  is 

of  ‘hi*  question  is 


214 


ANTHYCIDE 


It  seems  quite  clear  tliat  in  full  therapeutic  doses  (5  nig./kg. 
of  the  methyl  sulphate  subcutaneously)  antryeide  is  curative 
against  primary  infections  of  trypanosomiasis  due  to  T.  congolense. 
It  has  also  been  used  succcsslully  against  some  strains  of  T.  vivax 
but,  according  to  Davey,  more  inlormation  is  reejuired  before  a 
sound  general  picture  of  the  behaviour  of  T.  vivax  towards 
antryeide  can  be  formed. 

The  preliminary  results  of  a  large  held  trial  of  antryeide  started 
in  January,  1949,  in  the  Southern  Sudan  are  interesting  (personal 
communication  from  Mr.  J.  T.  H.  Evans).  In  this  extensive  area 
believed  to  be  free  from  tsetse  flies,  20-39  per  cent  of  the  cattle 
showed  symptoms  of  trypanosomiasis  ;  7’.  congolense  was  res- 
j)onsible  for  most  of  the  eases  and  T.  vivax  for  the  remainder.  The 
j)lan  was  to  treat  all  the  cattle  in  an  area  in  order  to  ensure  that 
the  subclinical  as  well  as  the  clinical  eases  were  inoculated.  It 
was  thus  hoped  to  produce  an  extensive  block  of  cattle  that  was 
virtually  free  from  trypanosomiasis. 

By  the  end  of  June,  1949,  2()0,00()  cattle  in  an  area  of  about 
20,()()0  square  miles  had  been  inoculated  with  antryeide  sulphate 
given  subcutaneously  as  a  15  per  cent  solution  at  an  estimated 
dosage  of  5.0  mg. /kg.  Al)out  10,000  of  the  eattlc,  many  of  them 
from  the  worst  infected  herds,  were  inspected  3-4  months  after 
treatment  and  were  seen  to  be  in  good  condition.  Blood  examina¬ 
tions  of  representative  groups  in  many  herds  were  made  but  no 
trypanosomes  were  found. 

About  a  quarter  of  the  treated  eattlc  showed  copious  salivation 
which  lasted  for  several  hours.  Two  or  three  animals  in  a  thousand 
collapsed  immediatelv  after  inoculation  but  most  of  them  reco\  ei  cd 
an  hour  or  two  afterwards.  Early  in  the  campaign  a  few  young 
calves  collapsed  and  died  within  24  hours  and  it  was  then  decided 
not  to  inoculate  any  more  under  the  age  ot  six  months. 

It  should  be  noted  that  very  good  results  have  been  obtained 
with  dimidium  bromide  in  the  treatment  ol  cattle  infected  \\ith 
T.  congolense  in  the  Southern  Sudan  (Evans,  1948).  ()vcr  350,000 
cattle  were  treated  in  one  area  and  the  mortality  from  tryiiano- 
somiasis  reduced  from  alarming  proportions  to  negligible  numbers 
Symptoms  of  photosensitization  appeared  in  some  of  the  trcatci 
cattle,  particularly  among  those  which  were  short  ol  iood  and 

water  after  administration  ol  the  ding.  ,  ,  ,  .  .  „  .  . 

The  prophylactic  cllect  of  antryeitlc  methylsulphatc  is  inferior  to 
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that  of  the  chloride,  but  since  it  should  be  assumed  that  under 
general  field  conditions  some  at  least  of  the  cattle  being  injected  for 
prophylactic  purposes  may  be  infected  with  trypanosomes,  a 
mixture  of  the  two  salts  providing  both  a  curative  and  a  prophy¬ 
lactic  action  should  be  used  in  prophylaxis.  It  appears  that 
protection  against  7’,  congolense  lasts  for  4-6  months,  but  against 
other  species  such  as  T.  vivax  the  period  of  protection  may  be 
much  shorter  in  a  proportion  of  animals.  The  period  that  may  be 
allowed  to  elapse  between  treatments  will  vary  in  different  areas, 
but  in  most  areas  it  seems  the  treatment  ought  to  be  giv'en  about 
four  times  a  year.  This  is  not  usually  feasible  in  practice  under 
the  eonditions  prevailing  in  infected  areas,  but  it  is  possible  that 
the  production  of  a  form  of  the  drug  which  produces  an  effective 
depot  for  longer  periods  may  lead  to  a  solution  of  this  problem. 
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CHAPTER  10 


CHEMOTHERAPY  OF  MALIGNANT 

DISEASE 


The  rapid  progress  in  tlie  chemotherapy  of  bacterial  infections, 
which  at  one  time  seemed  impossible  of  achievement,  has  en¬ 
couraged  the  hope  that  similar  methods  might  be  of  value  in 
dealing  with  the  growth  of  malignant  cells.  It  is  generally  accepted 
that  bacteria  can  be  specifieally  influeneed  by  certain  substances 
in  the  body,  because  their  metabolism  is  different  from  that  of  the 
host  organism  and  is  therefore  decisivelv  affected  bv  substances 
which  have  little  or  no  effect  on  the  metabolism  of  the  host  organism. 
It  should,  in  the  same  way,  be  possible  to  inlluenee  specifically 
the  metabolism  of  malignant  cells  which  must  surely  differ 
siofuificantlv  from  that  of  normal  cells  :  it  is,  at  least,  difficult  to 
explain  otherwise  the  relative  independence  from  their  environ¬ 
ment  which  malignant  cells  show  in  their  growth  processes.  At 
the  same  time  it  must  be  admitted  that  little  jwogress  has  l)een 
made  in  elucidating  in  what  way  the  metabolism  of  malignant  cells 
differs  from  that  of  their  normal  neighbours,  though  such  know¬ 
ledge  should  form  the  basis  of  a  rational  attack  on  the  problem, 
(ireenstein  (1947)  discusses  differences  between  enzyme  systems 
of  normal  and  malignant  tissues.  Such  advances  in  the  chemo- 
thera{)y  of  cancer  as  have  been  made  have  resulted  essentially 
from  an  approach  not  based  on  knowledge  of  metabolism,  and  they 
have  not,  so  far,  resulted  in  the  discovery  of  any  substance  which 
will  cure  any  form  of  malignant  disease.  Nevertheless  they  are 
interesting  and  some  of  them  may  i)ave  the  way  for  moie 
imiiortant  advances  of  theoretical  or  practical  interest.  It  must 
not  be  forgotten  that  the  discovery  of  the  sidphonamides,  based  as 
it  was  on  an  essentially  empirical  scheme  of  mv-estigation,  preceded 
the  formulation  of  the  theory  which  is  believed  to  account  for 
the  action  of  these  substances. 

Selective  Actions.  One  point  of  interest  is  that  the  drugs  so  far 
discovered  which  have  an  effect  on  tumour  growth  do  not  affect 
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all  forms  of  tumours  equally.  On  the  contrary,  they  appear  to 
exert  a  rather  selective  action  on  a  particular  type  of  tumour. 
Thus  ccstrogens  inhibit  the  growth  of  cancer  of  the  prostate, 
nitrogen  mustard  acts  in  Hodgkin’s  disease,  urethane  is  effective 
in  leukicmia,  etc.  All  these  substanees,  therefore,  do  not  act  on  a 
metabolic  activity,  or  enzyme  system,  peculiar  to  malignant  cells, 
but  rather  each  of  them  appears  to  affect  a  metabolic  function  of 
a  particular  type  of  abnormal  growth.  It  is  possible  that  ultimately 
a  substanee,  or  substances,  will  be  found  which  acts  more  or  less 
e(iually  on  all  types  of  tumours.  In  the  meantime,  howevc  r,  it  is 
important  that  drugs  whieh  are  being  eonsidered  as  potential 
therapeutic  agents  for  cancer  should  be  tested  against  a  wide  range 
of  tumours.  Boyland  (19-t8),  who  emphasizes  this  point,  suggests 
that  sueh  substanees  should  be  investigated  not  only  against  a  well 
established  transplantable  tumour,  sueh  as  the  \Valker  rat  car¬ 
cinoma,  but  also  against  series  of  tumours  in  mice,  includin«T  a 


mammary  carcinoma,  a  sarcoma,  a  hepatoma,  a  prostatic  car¬ 
cinoma,  a  lung  tumour,  a  lymphosarcoma,  a  gastric  carcinoma, 
and  a  leuka'inia.  Such  widespread  testing  of  their  activitv  would 
be  more  likely  to  reveal  an  action  against  a  particular  type  of 
tumour  in  the  same  way  as  the  testing  of  antibiotics  against  a 
range  of  micro-organisms  has  led  to  the  diseoverv  of  substances 
which  act  specifically  on  certain  types  of  bacteria.* 

Types  of  Substances  Used.  It  is  interesting  that  the  main 
substances  so  far  found  of  some  value  in  the  treatment  of  malignant 
disease  can  be  divided  into  two  groups,  namely  (1)  those  that  affect 
the  activity  of  the  nucleus,  i.e.  nitrogen  mustard,  radiophosphorus 
urethane,  and  (2)  those  that  p,r event  the  production,  or  antagonize 

the  action,  of  a  sjjecific  hormonal  grouih  stimulus,  i.e.  oestrofrens 
and  androgens. 


eelk  1  group  also  affect  growth  of  normal 

ce  Is,  but  their  action  on  certain  malignant  cells  is  more  marked 

This  applies  too,  to  radiations,  viz.  X-rays  and  radium  which 
1  robably  also  have  a  rather  selective  action  on  the  nucleus  of  some 
forms  of  mahgnant  cells,  and  are  of  value  in  the  treatment  of 
cancer  h  urther  investigations  into  the  activity  of  the  cell  nucleus 
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namely  the  prostate  and  the  breast.  Cancer  of  these  organs  is 
peculiar  in  that  its  growth  is  stimulated  by  steroid  hormones 
normally  produced  in  the  body  ;  the  inhibition  of  this  stimulus  by 
the  appropriate  substance  will  therefore  decrease  or  even  tempor¬ 
arily  arrest  the  growth  of  the  malignant  process.  It  is  not  known 
how  the  steroid  hormones  stimulate  the  growth  of  the  sex  organs 
but  it  is  quite  possible  that  their  action  is  exerted  on  the  cell 
nucleus  ;  if  this  is  so,  then  the  ap})ropriate  inhibitors  would  also 
presumably  act  on  the  nucleus,  thus  acting  on  the  same  site 
in  the  cell  as  the  first  group  of  substances.  An  additional  point 
deserves  consideration.  It  is  probable  that  the  growth  of  cancer 
cells  in  sites  other  than  the  sex  organs  is  also  under  the  control 
of  one  or  more  substances.  Investigations  of  such  possible  growth 
factors,  and  of  suitable  antagonists,  is  one  method  by  which 
chemotherapeutic  substances  active  against  cancer  might  be  dis¬ 
covered.  In  this  connection  the  work  which  is  at  present  in 
progress  on  the  effect  of  folic  acid  and  its  antagonists  on  malignant 
growth  is  of  special  interest.  This  work  is  still  in  its  early  stages, 
but  it  has  already  been  shown  that  temporary  remission  in  acute 
leuka'inia  can  be  produced  by  the  administration  of  several  folic 
acid  antagonists  (Farber,  1949  ;  Dameshek,  1949).  The  use  of  folic 
acid  antagonists  in  neoplastic  disease  is  reviewed  by  Thiersch  and 
Philips  (1949).  Several  4-amino-folic  acids  have  been  used,  viz. 
Aminopterin  (0.5-1  mg.  per  day),  Ameihopterin  (3-5  mg.  per  day) 
and  Amino-an-fol  (25-50  mg.  per  day).  Folic  acid  antagonists  are 
also  discussed  in  Chap.  15,  as  are  the  interesting  experimental 
findings  with  a  purine  antagonist. 


CEstrogens  and  Androgens 

These  have  been  used  in  the  treatment  of  certain  forms  of 
cancer  involving  the  sex  organs.  The  most  striking  effects  have 
been  seen  with  a>strogens  in  cancer  of  the  prostate,  though  evei 
here  the  condition  is  only  temporarily  controlled.  Estrogens, 
as  well  as  androgens,  have  also  been  used  m  cancer  of  the  breast, 
but  the  effects  arc  not  marked  and  do  not  last  very  long. 


Piinrer  of  the  Prostate 

Huggins  (1942)  showed  that  in  this  condition  castration  is 
freiiuentlv  followed  by  a  sustained  inhibition  of  the  disease.  u- 
is  most  striking  in  cases  where  the  neoplasm  is  an  adcno-carcinonia. 
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while  in  iindifTerentiatccl  carcinonuis  the  inijmnenient  is  sli^^lit  or 
nil.  The  growth  of  malignant  j)rostatic  tissue,  both  primary  and 
seeondarv,  is  stimulated  by  androgens  and  it  is  to  be  presumed 
that  this  stimulant  aetion  is  (juite  marked  in  the  prostatie  adeno- 
eareinoma  and  slight  or  absent  in  the  undifferentiated  tyj)e  of 
tumour.  A  reduetion  in  the  efPeets  of  androgenic  stimulation  can 
also  be  produced  by  the  administration  of  tt'strogcns,  which 
jH’obably  produce  this  cffcet  by  at  least  two  mechanisms,  viz.  ; — 

(1)  By  an  inhibition  of  the  pituitary  followed  by  a  cessation 
of  testicular  androgenic  secretion,  which  is  controlled  by  the 
pituitary.  This  is  thus  c(]uivalent  to  castration  as  far  as  the 
internal  secretory  activity  of  the  testes  is  concerned. 

(•2)  By  an  inhibition  of  the  action  of  testosterone  on  the  prostate. 
It  is  well  known  that  cestrogens  can  inhibit  the  actions  of  andro¬ 
gens  on  a  number  of  sex  organs.  It  is  possible,  i!i  addition,  that 
oestrogens  may  have  a  direct  action  on  the  growth  of  malignant 
tissue,  though  this  effect  is  probably  slight.  Horning  (194.J))  has 
l)rodueed  experimental  prostatie  tumours  in  mice,  by  imidanting 
subcutaneous  grafts  ol  j)rostatie  ej)ithelium  impregnated  wdtli 

methyl  cholanthrenc.  and  studied  the  effect  of  stilbcx-strol  on  their 
growth. 

The  results  of  Huggins  led  to  an  investigation  of  the  action  of 
tt'strogens  m  cancer  of  the  prostate,  with  striking  results  (Herrold, 
1941  ;  Heckcl,  1944).  The  administration  of  these  substances 
causes  a  promj)t  relief  of  pain  and  urinarv  SN  inptoms  ;  this  is 
associated  with  a  regression  of  the  priniarv  and  metastatic 
imioiirs.  Degenerative  changes  may  be  produeed  in  the  tumour 

i  ToI’  l''"  iT  ’r','  l>y  liistological  exaininatioi, 

(Ilcycl  ami  Krotsol,n,er,  19i2).  The  efTceta  in  tl.c  tumour  can  he 

coiieiated  with  the  ehanges  whieh  oeeur  in  the  elinical  e.,n(iitiou 
(I  ergusson  and  Pagel.  1945). 

eatment  of  cancer  of  the  prostate,  though  there  is  no  evi.leuee 
,,  f  tt'sfrogen  has  a  specific  elfect.  Tile  doses  used 

;.n^>pu,To„,:r,uL:r:':ip;^^^ 

a>.  iriphenyl  ethylene  compounds  arc  eliminated  from  the 
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body  much  more  slowly  than  stilboestrol  and  lienee  a  eonstantly 
high  and  effective  concentration  can  more  easily  be  maintained 
with  such  compounds. 

The  prolonged  administration  of  these  large  doses  of  oestrogen 
produce  unpleasant  side  effects  which  arc,  of  course,  of  minor 
importance  in  such  a  serious  condition.  The  breasts  become 
enlarged  and  often  painful  ;  atrophic  changes  occur  in  the  testes, 
with  arrest  of  spermatogenesis  ;  there  may  also  be  oedema  which 
affects  the  lower  extremities  and  may  involve  the  scrotum  ami 
penis  (Wattenberg  and  Hose,  1945).  Occasionally  vertigo  occurs, 
and  this  may  be  the  jirccursor  of  a  cerebral  catastrophe  (Fergusson, 


1940). 


Acid  Phosphatase.  Androgens  stimulate  the  secretion,  by  the 
prostate,  of  an  enzyme,  acid  phosphatase,  which  catalyses  tlie 
splitting  of  phosphoric  acid  from  certain  phosphoric  esters,  and 
produces  its  optimum  elfect  in  an  acid  metlium  of  pH  5.0.  The 
enzyme  is  probably  secreted  by  the  acinar  epithelium,  and  high 
concentrations  of  it  are  present  in  the  jirostate  of  adults,  but  not 
of  children  ((iomori,  1941).  Under  normal  conditions  the  amount 
of  acid  phosphatase  in  the  plasma  is  low.  It  is  markedly  increased 
in  cancer  of  the  })rostate  with  secondaries,  but  not  if  secondaries 
arc  absent  (Gutman,  1942).  The  amount  of  acid  phosphatase  in 
the  ])lasma  can  therefore  be  used  as  a  diagnostic  procedure,  and 
also  as  an  index  of  the  response  to  treatment,  by  castration  or  by 
the  administration  of  mstrogen  (Dean  et  al..  1944;  Watkinson 

etal.,\9U).  .  ,  ,  , 

The  polarogra])hic  method  (sec  p.  340)  has  also  been  used  as  ai 
enuurical  aid  in  the  diagnosis  of  cancer  of  the  prostate,  and  in 
assessing  the  value  of  treatment.  Typical  curves  (polarograms 
are  obtained  with  the  scrum  of  normal  subjects,  and  abnorma 
curves  are  frcqucntlv  seen  in  patients  suffering  from  cancer  (and 
certain  other  eonditioTis).  Tlie  clinical  improvement  observed  m 
prostatic  caru'cr  «  ith  the  adn.inistration  of  .estrogen  is  acem  ■ 
nanied  by  a  return  of  the  polarogram  to  the  normal.  It  may  vel 
be  that  this  n.etbod  will  prove  of  value  as  an  objeet.ve 
the  results  of  ebemotberapy  in  other  forms  of  cancer  (Uobmso.  .. 

’I'lic  cll'cet  of  stillxestrol  ilocs  not  continue  mdehmtely.  I 
who  show  a  satisfactory  initial  rcs|Kmse,  as  .imlgcl  by  elmical, 
ebemtal  ami  histological  criteria,  often  relapse  .pntc  sn.hlenlv,, 


g:str()gess  and  androgens 

as  if  the  sensitivity  to  a-strogen  was  abruptly  lost 
1946).  The  reason  for  this  is  unknown. 


2*2 1 

(Fergusson, 


Cancer  of  the  Breast 

Both  (estrogens  and  testosterone  propionate  have  been  used  in 
the  treatment  of  tliis  condition  (Council  on  Pharmacv  and 
Chemistry,  1947  and  1949  ;  .\dair  et  al.,  1949).  It  is  emphasized 
that  hormone  therapy  should  be  reserved,  in  everyday  clinical 
jiractiee,  for  patients  in  whom  the  possibilities  of  adequate  surgical 
treatment  and  careful  roentgen  irradiation  have  first  licen  fully 
utilized  and  have  gi\'en  clear  evidence  of  being  no  longer  of  benefit. 
Testosterone  mav  be  of  value  at  any  age  in  patients  with  metastatic 
lesions.  The  favourable  clTects  of  (estrogens,  on  the  other  hand, 
are  confined  to  soft  tissue  manifestations  in  older  women,  and 
(estrogens  should  not  be  given  to  any  patient  who  is  still  menstru¬ 
ating  or  who  has  menstruated  within  a  period  of  five  years,  as  this 
may  actually  accelerate  the  rate  of  growth  of  the  carcinoma.  The 
most  suitable  patients  for  (estrogen  thcrajiy  are  about  sixty  years 
of  age  or  over.  Any  effect  produced  with  androgen  or  oestrogen  is 
always  temporary  and  ultimately  the  malignant  process  pursues  its 
remorseless  course.  The  mode  of  action  of  the  drugs  is  by  no  means 
clear.  There  is  evidence  that  ovariectomy  can  be  of  value  in  cancer 
of  the  breast,  presumably  because  the  erstrogen  secreted  by  the 
gonads  stimulates  the  growth  of  the  malignant  as  well  as  the 
normal  mammary  tissue,  and  this  stimulus  is  m^  longer  present 
when  the  ovaries  arc  removed.  Testosterone  will  have  a  similar 
eftect,  by  antagonizing  the  action  of  (X'strogens  on  the  growth  of  the 
malignant  tissue.  In  addition,  testosterone  will  also  have  an  in¬ 
direct  efiect  on  bony  metastases,  by  increasing  the  sclerosis  in  the 
local  bone  lesion  ;  this  is  due  to  the  laying  down  of  osteoblasts 
(.\(lair,  1 948).  Fxperimental  evidence  on  the  actioii  of  androgens  on 
tumours  is  reviewed  by  Huggins  (1947).  The  mode  of  action  of 
mstrogens  is  even  more  obscure.  The  effect  is  possibly  exerted 
directly  on  the  tumour,  since  the  administration  of  iDCstrogen  will 
inhibit  the  growth  of  a  transplanted  sarcoma  in  rats  (Robson  and 
Scott,  unpublished  observations),  a  finding  which  led  to  the 
investigation  of  oestrogens  in  various  types  of  cancer  by  lladdow 
and  his  co-workers.  The  mode  of  action  of  a*strogens  re(iuires  and 
deserves,  further  study.  ’ 

Adair  (1948)  reviews  the  literature  on  the  use  of  androgen  in 
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cancer  of  the  breast  and  also  disensses  his  own  results.  The  dosage 
needed  is  high  and  Adair  reconnnends  the  intraniuseular  ad¬ 
ministration  of  100  mg.  of  testosterone  j)ropionate  three  times  a 
week  for  ten  weeks,  followed  by  a  daily  maintenance  dose  of  40-00 
mg.  of  methyltestosterone  giv'en  orally.  'I’he  treatment  is  of  value 
only  in  certain  eases,  but  the  effect  may  be  marked,  especially  in 
cases  Avith  bony  metastases.  There  is  then  relief  of  j)ain,  gain  in 
weight,  ability  to  sleep  without  narcotics  and  a  feeling  of  well 
being,  in  addition  to  an  effect  on  the  growth  of  the  tumour  tissues, 
which  is  occasionally  striking. 

These  large  doses  of  androgen  j)roduce  masculinizing  effects, 
including  hirsutism,  sometimes  accompanied  by  acne,  and 
deepening  of  the  voice  associated  with  huskiness.  An  increase  in 
sexual  desire  takes  place  except  in  women  of  about  sixty  or  older, 
and  this  effect  is  sometimes  marked  enough  to  recpiire  sedation  and 
local  applications  to  the  area  of  the  clitoris. 

Three  synthetic  oestrogens  have  been  used  in  cancer  of  the 
breast,  namely  triphenyl  ehloro  ethylene,  triphenyl  methyl 
ethylene,  and  stilbrnstrol  (Iladdow  et  al.,  1944).  These  drugs  are 
giv^en  orally,  the  daily  doses  being  10-15  mg.  for  stilbocstrol  and 
3-6  grams  for  the  tri})henvl  ethylene  eonn)ounds.  In  some  cases 
this  treatment  produces  a  significant,  though  temporary,  retarda¬ 
tion.  or  even  partial  regression  of  the  growth  of  the  primary 
tumour,  soft  tissue  recurranees,  lymph  nodes  aiul  ])ulmonary 
metastases.  The  degree  of  retardation  is,  however,  less  than  can 
be  expected  from  local  application  of  X-rays.  There  is  no  evidetiee 
that  oestrogens  will  prev'ent  the  develoj)ment  of  metastases.  In 
favourable  cases  there  is  a  definite  imj)rovement  in  the  geiuaal 
physical  condition  of  the  patient. 


The  Nitrogen  Mustards  (/3-chloroethylamines) 

These  substances  (see  formuhe  on  p.  “i34)  were  cxtensi\el> 
investigated  during  the  war  and  the  fundamental  results  then 
obtained  led  to  their  introduction  into  medicine  (see  review  liy 
Gilman  and  Philips,  1946).  It  is  clearly  establisheil  that  mustard 
gas  and  the  nitrogen  mustards  have  a  remarkable  ellect  on  growing 
tissue.  They  act  on  the  bone  marrow  })roducing  leucopenia. 
thrombocytopenia  and  aiuTmia ;  on  the  intestine  inhibiting 
growth  and  leading  to  diarrhoea  and  vomiting  ;  and  on  the  lym¬ 
phoid  tissue  causing  lymphatic  atrophy.  Such  effects  can  )t 
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Fig,  2;} 

(a)  (ell  <)f  VValker  rat  eareiiioina  in  anaphase  of  mitosis  sliowino  the 
equal  distribution  ol  the  (lan«hter  ehroinosoines  to  the  opjiosite  poles. 

(fj)  Cell  of  Walker  rat  eareinoina  in  anaphase  of  mitosis  48  hrs  after 
injeetion  with  nitrooen  mustard.  Several  of  the  ehromosomes  are 
rayinented.  the  fraon.ents  are  left  seattered  in  the  eytoplasm  and  will 
)e  lost  from  the  mielei.  A  nnelens  delieient  in  ehromosomes  will  eause 
death  of  the  ei'll.  .Ma<>niheal ion  ea.  (>,(>00. 

(Very  kindly  snpjilied  by  Dr.  F.  C.  Koller.) 
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deinoiistratecl  experimentally.  For  example,  if  the  vaginal 
epithelium  is  treated  with  one  of  these  substances,  mitosis  is 
inhibited  for  a  long  period  during  which  time  the  epithelium  wdll 
not  respond  by  growth  to  the  administration  of  oestrogen.  This 
action  can  also  be  seen  in  lower  forms  of  life.  Thus  exposure  of 
yeast  cultures  to  mustard  gas  produces  an  immediate  reduction 
in  growth  rate  which  persists  through  several  generations.  There 
is  much  evidence  that  these  effects  are  exerted  on  the  cell  nucleus, 
and  the  mutagenic  action  of  these  substances  will  be  discussed 
in  Chap.  11. 

There  has  been  much  sjjeculation  as  to  why  these  substances 
are  so  active  on  the  nuclei  of  growing  cells.  It  has  been  attributed 
to  their  ability  to  form  eyelic  onium  cations,  which  are  extremely 
reactive  with  various  groups  present  in  tissues,  e.g.  amino,  imino, 
imidazol,  sulphydryl,  etc. 

The  cyclic  reaction  for  nitrogen  mustard  is  as  follows 


.CHo.CTIo.Cl. 


CH3N 


CHa.CIL.Cl 


-  CII3.N- 


.CH. 


-CH,  Cl 
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Nitrogen  Mustard 


CH2  CII2  Cl 


J/v.'l.illCl 


nnfri  ^  mechanism  of  their  action,  the  wonder  is 

not  that  effects  are  produced  but  that,  in  low  concentrations,  such 
comparatively  specific  effects  can  be  obtained  on  the  nuclear 

to^thr?  ’  Boyland  (1946)  has  suggested, 

the  fact  that  they  are  hpoid  soluble  substances  of  low  molecular 
weight  wh.ch  penetrate  readily  into  the  cell  where  th^ht 

removal.  '**  eonitituents,  which  prevents  their  rapid 

I  hese  substances  are  capable  of  inactivating  enzymes  and  Dixon 
and  his  co-workers  have  obtained  iniieli  Evidence  [^t  theb 
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vesicant  action,  at  least,  is  closely  connected  with  their  capacity 
to  inactivate,  almost  specifically  in  low  concentrations,  certain 
enzymes  (phosphokinases)  which  are  concerned  with  the  transfer 
of  phosphate  to  and  from  compounds  of  adenylic  acid  (Dixon  and 
Needham,  1046).  It  is  likely,  however,  that  effects  on  the  nucleus 
can  be  produced  by  concentrations  of  these  vesicants  lower  than 
are  necessary  to  alTect  the  phosphokinases.  It  is  also  possible 
that  other  enzymes,  e.g.  peptidase,  are  involved  in  the  nuclear 
actions. 

Clinical  Results.  The  action  of  the  chloroethylamines  on  growing 
tissues  led  to  the  investigation  of  their  value  in  malignant  disease. 
This  had  previously  been  attempted  by  Berenblum  (1931)  with 
mustard  gas,  but  the  results  he  obtained  experimentally  in  mice 
were  not  satisfactory.  Gilman  in  America  (1946)  and  Wilkinson  in 
Britain  (1947),  and  their  collaborators,  initiated  clinical  investiga¬ 
tions  with  nitrogen  mustards,  which  have  the  advantage  that  their 
hydrochlorides  are  solids  freely  soluble  in  water.  Most  of  the  work 
has  been  done  with  methyl-^?.?  (^-chloroethyl)  amine  hydro¬ 
chloride.  Experimental  investigations  with  other  similar  com¬ 
pounds  have  not  so  far  led  to  the  discovery  of  any  more  effective 
substances  (Shapiro  et  al.,  1949).  The  effects  have  been  in¬ 
vestigated  in  a  number  of  neoplastic  and  proliferative  diseases  of 
the  luemopoietic  and  lymphatic  tissues,  viz.  Hodgkin’s  disease, 
leuktcmia.  lymphosarcoma,  polycytluemia  vera,  etc.  (Wilkinson 
and  Fletcher,  1947  ;  ^Vintrobe  et  ah,  1947 ;  ApThomas  and 
t'ullumbine,  1947  ;  Zanes  et  al.,  1948).  Interesting  experimental 
results  in  animals  have  also  been  obtained  by  Karnofsky  et  al. 
(1947)  and  Boyland  (1948).  The  most  satisfactory  clinical  results 
hav^e  been  obtained  in  Hodgkin^ s  disease  in  which  the  treatment 
nsually  produces  a  remission  lasting  several  months  :  there  is 
reduction  of  the  gland  masses,  regression  of  the  enlarged  liver  and 
spleen,  and  a  great  improvement  in  the  general  condition. 
Favourable  effects  have  also  been  seen  in  chronic  myeloid  leukiemia 
and  in  polycytha?mia  vera.  Cancer  of  the  lung  too,  occasionalh 
responds  to  this  treatment  (Boyland  et  al.,  1948  ;  Karnofsky  et  al., 
1948  ;  Brown  and  Davis,  1949).  The  effects  are  in  all  cases 
temporarv  and  the  treatment  must  be  repeated  every  few  weeks  or 
montlis  as  in  the  case  with  X-rays.  Ultimately  the  disease  runs  its 
usual  course.  The  histological  changes  found  m  patients  who  were 
treated  with  nitrogen  mustard  are  described  by  Spitz  (1948). 
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Nitrogen  niustnrcl  is  given  in  a  dose  of  0.1  nig.  per  kg.  ot  l)ody 
weight,  repeated  on  eonsecutive  or  alternate  days  until  3—0  doses 
have  been  given.  It  is  a  highly  toxic  substance  which  has  to  be  used 
with  great  care,  and  given  truly  intravenously,  as  the  introduction 
of  the  slightest  amount  of  nitrogen  mustard  into  the  tissues  outside 
the  vein  will  cause  a  severe  local  reaction.  Nausea  and  v'omiting 
usually  come  on  within  a  few  hours,  and  anorexia  and  headache 
are  very  common.  Leueopenia  and  some  amemia  are  jjrodueed, 
but  these  effects  arc  temporary  and  after  about  five  weeks  lutmio- 
poiesis  is  back  to  normal.  Wdth  overdosage,  however,  serious 
destruction  of  blood  forming  and  lymphatic  tissue  may  occur 
leading  to  aplastic  amemia.  At  jiresent  the  use  of  nitrogen  mustard 
is  likely  to  be  restricted  to  Hodgkin’s  disease.  Its  effect  is  similar 
to  that  of  X-rays  which,  according  to  some  investigators,  is  still 
the  better  method  of  treatment  with  few^er  toxic  effects.  Nitrogen 
mustard  can,  howev'er,  still  be  of  value  in  cases  where  radiotherapy 
has  been  abandoned.  According  to  Dameshek  et  ol.  (1949)  a  course 
of  nitrogen  mustard  may  restore  the  radiosensitivity  of  the 
malignant  tissue. 


Urethane 

I  his  substance  has  long  been  known  as  a  mild  hvpnotic  and  in 
1910  \\  arburg  showed  that  it  inhibited  cell  division  and  nuclear 
division  of  the  eggs  of  sea  urchins.  Dustin  (1947)  discusses  the 
effects  of  urethanes  and  related  substances  on  cellular  division. 

Iladdow  and  Sexton  (IfHB)  studied  the  effect  of  phenyl  urethane, 
and  then  of  urethane,  on  the  growth  both  of  spontaneous  and  of 
transplantable  cancer  in  mice  and  observed  an  inhibitory  action. 
Lrethane  had  the  more  marked  effect  on  the  transplantable 
tumour  and  this  was  accompanied  by  a  profound  modification  in  its 
histological  appearance,  the  characteristic  cellular  structure  giviim 
T  fibrous  structure  with  an  abundant  stroma, 

mshbaugh  c/  at.  (1948)  studied  the  effects  of  urethane  on  the 
",g  of  expenmental  wounds  in  rats,  and  came  to  the  conclusion 

proliferMr'"^  '  producing  an  inhibition  of  capillarv 

k'™rh,'’rt  I 

(iw  Ti  e  mol  T  7"  'I'Tpl-y  an<l  Sturn. 

inf  V-  ^  action  of  urethane  is  not  really  known  One 
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natural  amine  in  the  synthesis  of  nucleotides,  an  effect  which 
might  well  account  for  its  actions  on  the  nucleus  (see  Haddow 

1948) . 

It  is  ot  interest  that  urethane  can  also  cause  the  appearance  of 
certain  types  of  tumours.  This  was  first  observed  by  Nettleship  and 
Henshaw  (1943),  who  found  that  the  administration  of  minimal 
anaesthetizing  doses  to  mice  of  the  C3H  strain  increased  the 
incidence  of  lung  adenomata  from  5  per  cent;  to  more  than  75  per 
cent.  Jaffe  (1947)  observed  the  same  type  of  effect  in  rats,  in 
which  animals  spontaneous  lung  tumours  occur  less  frequently. 
All  these  tumours  are  benign,  but  Noble  and  Miller  (1948)  have 
apparently  induced  malignant  tumours  in  mice  by  the  administra¬ 
tion  of  urethane  in  a  5  per  cent  solution  of  zinc  acetate. 

Clinical  Results.  When  urethane  was  administered  to  patients 
suffering  from  cancer  the  results  were  negative.  It  was  observed, 
however,  that  it  produced  a  fall  in  the  leucocyte  count  and  this 
led  to  its  trial  in  leukcemia  and  other  lymphadenopathies.  It  was 
found  that  urethane  produces  remarkable  effects  in  leukaemia 
(Paterson  et  al.,  1946).  In  the  most  favourable  cases  the  leucocyte 
count  falls  to  within  normal  limits,  there  is  a  diminution  in  the  size 
of  the  spleen  and  enlarged  lymph  glands,  and  a  rise  in  the  haemo¬ 
globin  level.  These  findings  have  been  confirmed  by  a  number  of 
observers  (see  Lancet,  1948  ;  Hirschboeck  et  al.,  1948  ;  Creskoff 
et  al.,  1948).  It  is  clear  that  the  drug  is  most  effective  in  chronic 
myeloid  leukcemia  and  useless  in  the  acute  leukaemias. 

Favourable  results  have  also  been  reported  in  patients  with 
multiple  myeloma.  Fever,  skeletal  pain  and  acute  symptoms 
subsided  after  two  to  four  weeks  of  therapy.  The  blood  condition 
was  greatly  improved.  The  serum  protein  abnormalities  character¬ 
istic  of  the  disease  became  less  pronounced  or  disappeared  as  did 
the  albuminuria  and  Bence-Jones  proteinuria  (Loge  and  Rundles, 

1949) .  The  long  term  results  of  urethane  therapy,  however,  still 
remain  to  be  assessed. 

A  great  advantage  of  urethane  is  that  it  can  be  given  orally  and 
is  easily  obtainable.  It  has  also  been  given  intramuscularly  and 
intravenously.  The  dose  is  about  1-2  grams  three  times  a  day. 
As  can  be  seen  in  Fig.  24  there  is  a  definite  latent  period  before  the 
effect  of  the  drug  on  the  blood  picture  becomes  manifest.  Nausea 
and  vomiting  are  produced  quite  frequently  with  the  larger  doses 
and  are  greatly  diminished  when  the  drug  is  given  by  injection. 
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There  is  also  sonic  sedative  action  which  is  usually  an  advantage. 
'I'he  blood  picture  should  eonstantly  be  watched  as  agranulo¬ 
cytosis  can,  very  oeeasionally,  occur.  Tdie  comparative  values  of 
urethane,  radiation  and  nitrogen  mustard  in  the  treatment  of 
leukaania  remain  to  be  determined.  Some  aspects  of  this  are 
discussed  by  Piney  (1948). 
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Fig.  24 

Showing  the  efTects  of  urethane  treatment  in  a  case  of  chronic 
myelogenous  leukamha. 

.  White  cell  count. 

X- - X  1  Itemoglobin. 

Si/.e  of  spleen  in  cm. 


(After  Creskoff  r/  u/.,  194S.) 
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Radio  Phosphorus 

I  Ins  isotope  ol  pliosplionis  1ms  an  atomic  wciglit  of  32  and  emits 
only  beta  radmtion.  It  has  a  half  life  of  U,3  days.  It  has  been 
sod,  m  the  form  cl  inorganic  pliospimte,  in  a  number  of  con- 

iiietlmd  ‘7  and  lympliatic  system,  as  a 

iietliod  ol  apiilymg  radiation  to  tlie  alfectcd  areas.  X-rays  liave 

iccii  ,,r  tiiesc  conditions  for  many  vears  and  the  radiation 

tlien  applied  over  tlie  wliolc  lioily.  liadio  pliospliorns  could  only 
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be  more  elleetive  than  X-rays  it'  it  were  seleetively  |)ieked  up  aiul 
eoneeutratecl  by  the  malignant  tissue.  It  would  be  expeetetl  that 
rapidly  dividing  tissues  would  take  uj)  j)lu)sphorus  more  (phekly 
than  others.  There  is  some  supjiort  for  this  in  the  investigations 
of  Krf  ft  al.  (1941),  who  found  that  leuka-mie  eclls  in  the  blood 
retain  ratlio  phosphorus  in  greater  eoiieentrations  than  normal 
white  blood  eells.  The  ditferenees  are,  however,  not  very  marked 
and  it  is  possible,  as  Rhoads  has  {)ointed  out,  that  more  seleetivc 
effeets  on  malignant  eells  might  be  produeed  by  ineorporating 
the  radioaetive  sid)stanee  in  an  organie  eomj)ound,  and  this 
possibility  is  at  })resent  being  studied. 

Absorption  and  Excretion.  Erf  ct  al.  (1941)  have  studied  the 
rate  of  absor))tion  and  exeretion  of  radio  phosphorus.  When  given 
orally,  more  is  exereted  in  the  fa^ees  than  in  the  urine.  In  the 


first  six  days  following  its  administration  about  one  ([uarter  to 
one  half  of  the  dose  given  eould  be  reeovered  in  the  exereta. 
The  maximum  plasma  eoneentration  was  seen  before  the  seeond 
hour  after  administration  ;  after  24  hours  lower  levels  were 
observed  which  gradually  tapered  off  to  near  the  zero  level  on  the 
eighth  day.  When  the  drug  is  given  intravenously  much  more  is, 
as  would  be  expeeted,  excreted  in  the  urine  than  in  the  feces,  but 
the  total  amount  excreted  in  the  lirst  six  days  following  the 
administration  was  aliout  the  same  as  when  the  drug  was  gi\en 
orally.  The  maximum  plasma  level  was  higher  than  with  oral 
dosage,  but  fell  rapidly.  Much  higher  concentrations  were, 
however,  found  in  the  white  (‘clls,  especially  in  Icuka-mic  patients, 
and  these  high  levels  were  maintained  for  over  a  week.  With  both 
methods  of  administration  normal  people  excreted  radio  phos¬ 
phorus  much  more  rapidly  than  did  patients  suflering 
leukiemia  during  the  first  48  hours  after  administration.  After 
that  interval,  the  rates  of  excretion  were  similar  in  both  groups. 
Krf  (1942)  studied  the  distribution  of  radio  phosphorus  in  patients 
who  died  from  Iciikamiia  ;  his  findings  show  that  radio  phosphorus 
eoneentrates  in  greatest  (piantitics  in  those  tissues  which  are  mos 

freiiucntly  infiltrated  with  Iciikamiie  eclls. 

(linical  Results.  The  best  results  with  radio  phosphorus  have 

been  obtained  in  it  is  lU-obably  the  )es 

therapeutic  nRCnt  at  present  availal.le  lor  tins 

also  liecn  used  iTi  elironic  lenkicniia,  partieiilarle  m  patients 

tolerant  of  or  resistant  to  roentgen  radiation.  It  is  ol  no  Milne 
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acute  leukaMuia.  Hodgkin’s  disease,  or  in  eaneer  of  various  organs 
(Doan  et  al.,  1947  ;  Mitchell,  1947). 

There  are  great  variations  in  the  suseeptibility  to  internal 
radiation  of  dilferent  individuals  and  tissues,  and  the  dosage  must, 
as  Doau  ct  al.  (1947)  have  eni})hasizcd,  be  earcfully  adjusted  to 
each  patient’s  needs.  According  to  these  investigators  radio 


f'n;.  2.’) 


t  normal  subjeets  and  ol  patients  with  leuka'iuia.  Note  the  relatively 
high  eoneentrations  in  the  white  cells  in  patients  with  leltouVa 
especially  when  given  intravenously. 

(After  Krf  et  al.,  1941.) 
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phosphorus  should  be  given  in  small,  well  spaced  doses,  and  a 
careful  examination  of  the  blood  and  l)one  marrow  should  be 
performed  frequently,  to  ensure  the  integrity  of  normal  hiemo- 
poiesis.  The  material  ean  be  given  orally,  but  it  is  considered  more 
satisfactory  to  inject  intravenously,  and  this  is  certainly  in 
agreement  with  the  findings  on  the  uptake  of  radio  phosphorus  by 
the  white  cells  (P^rf  et  al,  19-H).  The  dose  usually  given  is  of  the 
order  of  0.5-2  millicurics  and  this  may  be  repeated  several  times 
over  a  period  of  months.  More  frequent  doses  of  1-2  millicuries 
have  been  used  by  Lawrence  and  his  co-workers  (Lawrence  ct  al, 
1948)  in  the  treatment  of  chronic  myelogenous  lenkicmia. 

Other  radioactive  isotopes,  c.g.  radio  sodium  (Pi vans  et  al., 
1948),  have  been  used  for  the  treatment  of  blood  conditions,  but 
these  substances  do  not  appear  to  have  any  advantages  over  radio 
phosphorus. 
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CHAPTER  11 


MUTAGENIC  SUBSTANCES 


It  is  well  known  that  the  characteristics  of  individuals  and  cells 
are  transmitted  by  genes.  These  genes,  it  would  apj^ear,  arc  small 
particles  forming  part  of  the  chromosomes  in  the  nucleus  of  the 
cells.  Plach  chromosome  contains  a  large  number  of  genes  and 
each  gene  is  located  at  a  definite  part  of  the  chromosome.  \Vhen 
the  cell  divides  the  chromosomes,  and  hence  all  genes,  are  dupli- 
eated.  The  genes  are  stable  and  go  on  reproducing  their  pro])crties 
indefinitely. 

Occasionally  the  gene  may  undergo  a  change  in  properties  and 
then  it  becomes  responsible  for  the  control  of  a  new  characteristic 
in  the  cell  or  individual.  Under  such  conditions  a  chemical  change 
presumably  occurs  in  the  gene  and  this  is  permanent,  so  that  the 
^  ^  ^  ^  e  original  one  and  goes  on  reprotlucing 


repheas  of  its  mutated  self,  thus  initiating  a  new  hereditarv  line. 

Tf  UUy-.l.r  4.u^x  XU*  .  __  >  •  .  ... 


It  seems  likely  that  this  mechanism  is  responsible  for  evolution 
and  that  without  mutations  life  would  never  have  proceeded 
beyond  its  v'ery  first  elementarv  beginnings. 

In  1927  Muller  found  that  mutations  could  be  induced  in  the 


fniit  fly.  Drosophila  melanogaster,  by  subjecting  it  to  the  action 

of  X-rays,  and  later  work  has  shown  that  various  other  tvpcs  of 
radiations,  e.g.  camma-ravs  _ i  .  .  . 


lected  at  random  and  it  is  not  possible  to  produce 
particular  gene  or  group  of  genes. 


Following  this  work  with  radiatinne 


were  made  to 
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of  mustard  gas  on  tissues,  it  was  found  that  this  substance  could 
inhibit  mitosis  in  various  tissues  and  produce  mutations  in 
Drosophila  (Auerbach  and  Robson,  1942  ;  1947).  Gross  effects  on 
chromosomes,  resulting  in  breakage,  were  also  obtained  and  detected 
by  means  of  genetic  methods,  and  this  led  to  the  investigation  of 
the  actions  of  mustard  gas  on  an  organism  (tradescantia)  in  which 
the  actions  on  chromosomes  could  easily  be  observed  cytologically. 
With  large  doses  of  mustard  gas  the  effects  on  the  chromosomes 
were  found  to  be  grossly  destructive  and  finally  led  to  the  death 
of  the  cell,  but  with  smaller  doses  effects  were  less  destructive  and 
resulted  ih  various  kinds  of  rearrangements  of  the  chromosomes 
(e.g.  inversions,  deletions  and  translocations),  some  of  which  were 
not  lethal  to  the  cell  (Roller  ct  al,  1943  ;  Darlington  and  Roller, 
1947).  Changes  in  the  nuclei  of  mouse  skin  subjected  to  the  action 
of  mustard  gas  were  observed  by  Fell  and  Allsopp  (1943). 

It  was  then  found  that  substances  related  to  mustard  gas, 
of  which  the  forniulfe  are  given  below,  could  produce  similar  effects. 


Mutagenic  Substances. 


CHa.CHa.C'l 


CII2.CH2  Cl 


CII3.N. 


CH2.CH2.Cl 


CH2.CH2.Cl 


CH2.CH2.S.CH2.CH2.CI. 


O 


/ 


CHj.CHj.S.CH.CHj.Cl 


Sulphur  mustards. 

CH2  =CH.CH2.NCS. 
Mustard  Oil  (Allyl  iso-thiocyanate) 


CH2.CH2.Cl 

N— CH2.CH2.Cl 


'CH2.CH2.Cl 


Nitrogen  mustards. 
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The  mutagenic  action  of  mustard  oil  (Auerbach  and  Robson, 
1044)  is  of  particular  interest,  since  this  substance  occurs  naturally 
in  certain  plants  and  this  raises  the  possibility  that  spontaneous 
mutations  may  be  of  chemical  origin.  Mutagenic  effeets  on  Droso¬ 
phila,  following  exposure  to  formaldehyde,  have  since  been 
described  by  IRipoport  (1046)  and  by  Kaplan  (1048). 

Loveless  and  Revell  (1040)  have  found  that  a  number  of  di¬ 
epoxides,  including  di(2;;3-epoxypro])yl)  ether,  ha^•e  cytological 
cftccts  similar  to  those  of  nitrogen  mustard ;  these  investigators 
give  an  interesting  discussion  on  the  mode  of  action  of  “mitotic 
poisons.” 

The  eficcts  of  all  these  substances  are  generally  very  similar 
to  those  of  radiations  and  the  production  of  specific  mutations 
has  not  so  far  been  accomplished. 

An  interesting  development  of  this  work  is  the  application  of 
nitrogen  mustard  in  the  treatment  of  malignant  conditions  and 
especially  Hodgkin’s  disease,  which  is  discussed  in  Chap.  10. 

The  mutagenic  nature  of  these  substances  has  been  eonfinned 
by  a  numlier  of  other  observers  on  different  types  of  organisms, 

m'  u"  Horowitz  e/  al  (1946),  on  Aspergillus 

(  ockcnhull,  1948),  and  on  Penicillium  notatum  (Stahmann  and 
btauffer,  1947). 

I  also  liecii  reported  with  otlier  substances 

>J  chlkers  (1043)  and  Ijy  lladorn  and  Mgfrli  (1046).  The  latter 

eaMbiror"*^  ‘"'‘‘'■”*"'8  "«"■  fcfli'iique  which  should  be 
r  jable  ol  wider  a,, plication.  The  gonads  of  full  grown  larvie  are 

.ictually  dissected  out,  exposed  to  a  .solution  of  the  chemical 

substance,  and  re-iin,,lanted  into  a  host  larva.  With  this  nictlio, 

siiniS  rsa^bst*"''  a,,parently  obtained  with  as 

I  Ls  '■'■<1'"’''“  confirmation. 

It  has  long  been  believed  that  cancer  arises  as  a  result  of  -i 

lihdrEr,  :t:du;:,rcHB 

by  injeeting  colloidal  sohitioiiT"f  tl""  substanecs  or  even 

able nu;t^r'e;h;e^--'--,r- 
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carcinogenic  substances.  His  prcliiniiuiry  results  suggest  that  there 
is  a  dehnite  correlation  between  the  eareinogenie  anti  nuitagenie 
actions  of  a  variety  of  substances,  and  a  similar  relationship  has 
been  found  by  Latarjet  et  al.  (1949),  in  investigations  on  the  niiita- 
genie  action  of  carcinogens  on  E.  C'oli.  The  (juestion  is  also 
discussed  by  Strong  (1949), 

It  is  not  known  how  ehemieal  substances  protluee  their  muta¬ 
genic  action,  or  whether  the  mechanism  is  essentially  dilferent 
from  that  iiu  olved  in  the  effect  of  radiations.  One  ])ossibility  is 
that  there  is  a  permanent  change  in  the  constitution  of  the  nueleo- 
protein  which,  in  all  probability,  forms  part  of  the  gene.  With  this 
possibility  in  mind  the  effect  of  the  sulphur  and  nitrogen  mustards 
on  the  nucleo])roteins  of  plai\t  viruses  was  investigated  by 
Cockerham  et  al.  (1944)  and  at  Robson’s  suggestion  by  Hawdeu 
and  Pirie  (1944).  It  was  found  that  these  substances  destroy 
the  infectivity  of  the  viruses  without  producing  any  dehnite 
ehemieal  change,  and  notably  without  separating  the  nucleic  acid 
from  the  protein  component.  No  mutagenic  effects  on  the  viruses 
were  observed.  It  is  interesting  that  radiation  too  can  ma(  ti\ate 
viruses  without  producing  any  change  in  their  ehemieal  compo¬ 
sition  (Bawden  and  Pirie,  1938).  Gullant  and  his  co- workers 
(1948)  found  that  mustard  gas  reacts  with  nucleic  acid  to  form  a 
compound  which  contains  sulphur  but  no  chloride,  and  suggest 
that  this  may  provide  a  chemical  basis  for  the  effects  of  mustard 
gas  on  the  nucleus.  Chemical  mutagenesis  is  reviewed  m  detail  hy 
Auerbach  (1949). 


Hep.  Chein.  Defence 
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ANALGESIC  DRUGS 

In  this  chapter  some  aspects  of  the  actions  of  drugs  used  iu 
the  relief  of  paiu  will  be  discussed.  Drugs  can  relieve  paiu  iu  a 
number  ot  ways.  For  example,  spasmolytic  drugs  cau  give  relict’ 
by  producing  relaxation  (^f  certain  types  of  smooth  muscle  spasm  ; 
glyceryl  trinitrate  acts  thus  to  prevent  or  abolish  anginal  pain,  in 
which  its  vasodilator  elfect  is  responsible  for  an  improved  blood 
supply  to  the  relatively  ischannic  heart  muscle  ;  the  relief  of 
migraine  headache  by  intravenous  injection  of  ergotamine  tartrate 
is  probably  due  to  a  reduction  in  amplitude  of  pulsation  of  the 
temporal  and  other  arteries  of  the  scalp.  Pain  due  to  bacterial 
inflammation  may  of  course  be  relieved  by  appropriate  chemo¬ 
therapy.  Again,  pain  may  be  reliev'ed  by  interruption  of  nerve 
pathways,  as  with  injection  of  local  amesthetics  for  a  temporary 
action,  or  with  ethyl  alcohol  for  a  long-lasting  effect. 

It  is,  however,  with  drugs  that  act  upon  the  central  nervnus 
system  that  this  chapter  is  chiefly  concerned,  and  of  these,  mor¬ 
phine  and  its  derivatives,  and  the  newer  analgesics  such  as 
pethidine  and  amidone,  will  be  discussed  at  some  length.  It  is  not 
proposed  to  make  more  than  passing  references  to  what  Fourneau 
(1938)  has  termed  the  “antalgics,”  namely  aspirin,  phenacetin, 
antipyrine  and  amidopyrine. 

Another  interesting  group  of  conijjounds  arc  the  tctrahyilro- 
cannabinols  which  are  euphorigenic  in  action,  and  have  also  been 
shown  to  be  analgesic  in  rats  (Davies  et  al.,  194(5).  It  wouUl  be 
important  to  know  whether  these  hemp  drugs  could,  by  contii- 
buting  a  euphoriant  component,  enhance  the  ellicacy  ol  other 

analgesic  drugs. 

It  is  presumed  that  analgesic  drugs  act  by  forming  some  sort  ol 
barrier  to  the  effects  of  the  nerve  impulses  conveyed  by  the  pain 
pathways,  and  the  site  of  action  might  be  speeulatively  localized 
in  the  thalamus  or  the  eortex.  At  present  it  would  be  Imzardous  to 
trv  to  suergest  the  mode  of  action  of  analgesic  drugs.  There  is,  toi 
example, "’notjiing  charaeteristic  about  the  influence  of  these  drugs 
on  the  metabolism  of  nervous  tissue. 
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CHEMISTRY  OF  MORE  JUNE 

Chemical  Structure  of  Analgesic  Drugs 
Bergel  and  Morrison  (1948)  liave  reviewed  this  subject  with 
particular  reference  to  the  relation  between  clieinical  structure 
and  analgesic  action.  The  structural  formula  of  morphine  is  still 
not  completely  known  in  its  three-dimensional  arrangement,  but 
it  may  be  represented  two-dimensionally  as  below.  The  complete 
morphine  molecule  has  never  been  synthesized,  but  recently 
Grewe  (1946)  prepared  a  compound  called  N-Methylmorphinan 
which  contains  4  of  the  5  cyclic  rings  of  the  morphine  molecule. 
Its  formula  is  : — 


N-Methylinorphinan 


Its  analgesic  potency  is  about  equal  to  that  of  morphine. 

A  derivative,  3-hydroxy-N-methylmorphinan  hydrobromide 
(Nu  2206,  Hoffman  La  Roche),  has  been  studied  by  Gross  et  al. 
(1949).  They  found  it  to  be  about  three  times  as  potent  as  mor¬ 
phine  in  man  and  stated  that  it  did  not  produce  euphoria. 


Morphine  and  its  Derivatives 


(Phenolic)  (Alcoholic) 

Morphine  Dilaudid 


Metopon 


240 


J \.i  LGESIC  DR  UGS 


s 


1  he  alkaloid  morphine  is  a  complex  polycyclic  compound,  which 
has  o‘'ten  been  described  as  a  phenanthrcne  derivative.  The 
formula  is  presented  here  in  a  form  to  suggest  its  possible  relation 
to  pethidine  and  amidone.  The  morphine  molecule  is  modified 
synthetically  to  produce  dilaudid  (dihydromorphinone)  and  meto- 
pon  (methyldihydromorphinone). 

Pethidine  and  Allied  Compounds 


CH. 

1 

N 

CH, 

N 

M2C  \h2 

H,C,  CH, 

1  1 

2  2 

/\ 

_ _ /  \ 

H  O.CO.  CH 

CO.O.CjHc 

1 

L/ 

CH 

\ 


Pethidine 


Atro])ine 


Pethidine  (1 -methyl-4-phenylpiperidine-4-carboxylic  acid  ethyl 
ester)  was  first  studied  by  Pusleb  and  Schaumann  (1939)  as  a 
s|)asmolytic  drug  of  the  atropine  type.  Its  chemical  relation 
to  atropine  is  shown  in  the  above  formuUe.  Pethidine  was  subse¬ 
quently  found  to  be  an  analgesic. 

^-Pkhidine  is  l-methyl-3-phenylpiperidine-3-carboxylic  acid 
ethyl  ester.  It  has  been  studied  experimentally  by  :Macdonald  et 
al.  (1940). 

^-pethidine  has  been  found  in  man  to  be  rather  less  potent  anc 
to  have  a  shorter  duration  of  action  than  pethidine.  Its  toxicit) 
is  low  ((dazebrook  and  Hranwood,  1945). 

Hemidnne.  This  comixiund,  formed  by  introducing  a  m-hydroxyi 
L-r<,.n)  into  tlie  phenyl  ring  of  pethidine,  was  produced  in  (iermany 
during  the  war.  Maedouald  et  al.  (I!)4B)  found  that  its  analgesic 

potenev  was  ahoiit  eipial  to  that  of  pethidine.  ■  i,,ipH,vl 

Kelobemidaae  is  1  uuethyl-d-(3-hydroxyIphenyl)-d.piperulyletl  d 

ketone.  It  is  elaimcd  to  he  ten  times  as  potent  ns  pethidine  a 
Kirehof  (1948)  reported  very  few  side-actions  from  its  theriipeii 
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use.  It  is  a  more  powerful  spasmolytic  than  pethidine  (Lewis, 
1949). 

Other  piperidine  derivatives  have  recently  been  studied  by 
Randall  and  Lehmann  (1948)  in  rats,  and  Gross  et  al.  (1948)  have 
investigated  the  actions  of  three  of  these  compounds  in  man  : 

Compound  Nu  1196  is  cw-1:  3-dimethyl-4-phenylpropionoxy- 
piperidine. 

Compound  Nu  1779  is  trans  1:  3-dimethyl-4-phenylpropionoxy- 
piperidine. 

Compound  Nu  1932  is  l-methyl-3-ethyl-4-phenyl-4-propionoxy- 
piperidine. 

These  compounds  are  comparable  in  potency  to  morphine  in 
rats,  but  clinical  observations  on  the  use  of  Nu  1196  in  patients 
with  pain  due  to  cancer  have  shown  this  drug  to  be  definitely 
weaker  than  morphine  (Houde  et  al.,  1948), 

Isbell  (1949)  has  obtained  evidence  in  man  of  addictive  proper¬ 
ties  with  bemidone,  keto-bemidone  (particularly  marked),  and  the 
phenyl  propionoxy  piperidine  derivativ'es. 


Amidone  and  Related  Compounds 

CH, 


Amidone 

{dl-2-dimetiiylamino-4 : 4-diphenyl-heptan-5-one  hydrochloride) 

Thorp  et  al.  (1947)  have  shown  that  the  analgesia  and-respiratorv 
depression  of  dl-amidone  are  due  to  the  /-compound.  Other 
compounds  of  this  group  studied  by  Thorp  et  al.  include  •—  ’ 

^  ®  cli,,l,eny|.hexan-4- 

10582”  (dl-l-dimethylamino-3  :  3-diphenyl-hexan-4- 
one  l.y<lrocl,l<,r,de)  ;  Older  et  at.  (19W)  l.ave  <le«Tibc<l  the 
phakmacology 


16 
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preparation  and  actions  of  the  compound  6-piperidino-4  ;  4- 
diphenyl-5-metiiyl-3-hexanone  (the  piperidyl  analogue  of  iso- 
amidone). 

Fhenado.vone  (dl-2-1  morpholino-4  :  4  diphenylheptan-5-one 
hydrochloride)  also  belongs  to  the  same  group. 

Isbell  and  Kisenman  (1948)  have  shown  that  both  1-amidone 
and  wo-amiclone  are  potential  drugs  of  addiction,  but  that 
d-amidone  and  dl-2-dimethylamino-4  :  4-diphenyl-heptan-5-ol 
are  not. 


Methods  for  Evaluating  Analgesic  Drugs 
Much  attention  has  been  devoted  in  recent  years  to  methods 
for  comparing  the  actions  of  analgesic  drugs  in  animals  and  in 
man.  This  subject  has  been  reviewed  by  Goetze  et  al.  (1943) 
who  discuss  very  fully  the  criteria  for  the  choice  of  stimulus  to 
elicit  pain,  and  the  selection  of  the  most  suitable  receptive  field. 
More  recent  reviews  in  this  field  include  contributions  by  Pfeiffer 
et  al.  (1948)  and  by  Miller  (1948). 

The  nature  of  the  response  to  the  stimulus  is  important.  Human 
subjects  can  describe  the  onset  of  a  sensation  of  pain,  but  in 
animals  some  easilv  observed  reflex  response  must  be  selected 
as  an  endpoint.  For  example.  Thorp  (1946),  using  a  modification 
of  Hardy’s  radiant  heat  apparatus  for  stimulation  ot  the  rat  s 
tail,  regarded  slight  movements  of  the  tail  or  quivering  of  the 
body  of  the  rat  as  a  positive  response. 


Analgesic  Drug  Tests  in  Animals 
Studies  on  the  potency  of  analgesic  drugs  in  animals  h«'e  been 
reported  by  many  workers,  e.g.  D’.\mour  and  Smith  (1941), 
Ercoli  and'Lewis  (1943),  Woolfe  and 

(1946),  Dayies  H  al.  (1946)  and  Hougs-Olsen  (1949),  .\ll  these 
workers,  and  otiiers,  haye  regarded  heat  as  the  most  accurateij 
measurable  stimulus.  Comparisons  of  equiaualgesic  doses  of  t  e 
more  powerful  analgesic  ilrugs  show  that  these  tests  correlate  q  ut 
well  with  clinical  observations.  For  example  \  nolle  anil  >lac 
donald  (1944)  found  in  mice  that  morphine  was  about  sciyy", 

. . [. . 

was  nearly  seven  times  as  potent  as  morphine,  I  hese  results 
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that  such  methods  are  suitable  for  prelimiuarv  investigations  on 
new  componiuls  ;  Woolfe  and  Maetlonald,  and  Ereoli  and  Lewis 
rt)nnd  pethidine  about  1  /5th  as  potent  as  inorpliine.  and  Thorp  et 
al.  (1947)  showed  that  amidone  was  about  as  powerful  as 
morphine. 

'I'he  mechanism  by  which  morphine  inhibits  the  rellex  with¬ 
drawal  of  the  rat’s  tail  when  stimulated  by  heat,  has  been  studied 
by  Raventbs  (1949).  who  found  that  this  drug  had  no  such  depres¬ 
sant  action  in  rats  after  high  section  of  the  spinal  cord.  From  the 
results  of  experimental  section  of  the  brain  stem  at  different 
levels,  and  from  the  finding  that  central  nervous  stimulants  such 
as  amphetamine  and  caffeine  could  also  })rolong  the  reaction  time 
of  the  withdrawal  reflex,  Raventos  suggests  that  morphine 
depresses  this  reflex  by  stimulating  an  inhil)itory  centre  situated  in 
the  rostral  third  of  the  pons. 

It  shoidd,  however,  be  added  that  many  of  these  animal  tests 
reveal  very  little  or  no  analgesic  action  with  substances  such  as 
aeetylsalicylie  acid  or  amidopyrine,  which  have  such  striking 
efleets  on  certain  types  of  pain  in  man.  This  discrejjancy  is  prob¬ 
ably  due  to  a  diflerent  mode  of  action  (as  compared  with 
morphine). 


Tests  of  Analgesic  Drugs  in  Man 

The  methods  employed  to  study  and  compare  the  effectiveness 
of  analgesic  drugs  in  animals  make  use  of  .some  reflex  muscular 
response  as  an  indicator  of  pain  sensation.  In  man  the  verbal 
dc^eription  of  pain  with  respect  to  its  prese.ice,  localization, 
mtensity  and  character  adds  evidenee  not  available  in  animal 
studies,  and  smee  the  ultimate  interest  in  analgesie  drugs  relates 
essentially  to  their  therapeutic  efficacy,  human  investigations  are 
the  most  valuable  of  all.  Most  of  the  methods  for  testing  analgesic 
dnigs  in  man  involve  the  measurement  of  the  strength  of  some 

thrskin  t"'"  n  of  the  bodv,  iisuallv 

.  J  :■  f  nitensity  of  stimulus  reiiuireci  to  elicit 

and  tests 'ha v'e^b  "  '"1  termed  the  threshold, 

^•^'vised  to  measure  with  great  accuraev  the 
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blackened  skin  of  the  forehead.  (This  last  method  is  prohahly 
the  most  accurate  for  measuring  the  {)hysical  intensity  of  stimulus.) 
Goetze  et  al.  (1943)  measured  the  threshold  strength  of  an  alter¬ 
nating  current  applied  to  a  dental  filling,  and  Harrison  and 
Bigelow  (1943)  recorded  the  number  of  isclncmic  muscle  contrac¬ 
tions  in  the  forearm  recpiired  to  produce  the  tyj)ical  ])ain.  which  in 
Lewis’  elassification  is  “deep”  as  opposed  to  the  “superficial”  pain 
arising  from  the  skin.  In  all  these  instances  the  administration  of 
recognized  analgesic  drugs  raises  the  pain  threshold,  i.e.  increases 
the  strength  of  stimulus  necessary  to  elicit  the  sensation  of  pain, 
but  Pfeiffer  ct  al.  (1948)  have  shown  that  different  types  of  anal¬ 
gesic  drugs  may  affect  various  types  of  pain  to  different  degrees. 


Radiant  Heat  Method 

The  most  comprehensive  investigations  of  skin  pain  threshold 
have  been  those  of  Hardy  et  al.  (1940)  with  the  radiant  heat 
method.  The  radiation  from  a  1,000  Watt  lamp  is  focused  on  to 
the  blackened  skin  of  the  forehead  (3  see.  exj)osnre  every  30  sec. 
to  an  area  of  3.5  s(p  cm.).  The  end  point  is  a  “sensation  of  heat 
drawing  together  just  at  the  end  of  the  three  second  exposure, 
giving  a  quick,  sharp,  stinging  sensation,  distinct  from  the  sensa¬ 
tion  of  heat”  (Hardy  et  al..  1943).  The  intensity  of  radiation  can 
be  directly  measured  by  means  of  a  radiometer. 

Wolff  k  al.  (1940),  with  themselves  as  subjects,  measured  the 
})ain  threshold  raising  actions  of  in  jected  morphine.  U  ith  doses 
from  0.5  mg.  to  15  mg.  of  morphine  sulphate  the  threshold  rise 
was  linearly  proportional  to  dosage.  The  following  increase  m 
threshold  occurred  with  therapeutic  doses 

10  mg.  (1/6  gr.)  produced  a  GO  per  cent  increase 

15  mg.  (1/4  gr.)  produced  a  70  per  cent  increase 

30  mg.  gr.)  produced  a  100  per  cent  increase. 


With  100  per  cent  rise  in  threshold  the  intensity  of  heat  was  just 

sullicient  to  cause  injury  to  the  skin.  ,  , ,  „  ,  .  ..ucr 

'Pile  peak  effect  of  therapeutic  doses  occurred  1^  2  hours  aW 
injection.  The  duration  of  action  after  therapeutic  doses  was  6-/ 


hours. 

The  radiant  heat 
been  widely  used  in 


pain  threshold  method  of  Hardy  et  al.  hf'^^ 
the  United  States  for  the  comparison  of  new 


AX  ALGESIC  TESTS  IN  MAN 


245 


analgesic  drugs  with  morphine.  For  example,  Eatterman  and 
Ilimmelsbaeh  (1943)  found  that  125  mg.  of  pethidine  raised  tlie 
threshold  as  mueh  as  17  mg.  of  morphine,  and  Christensen  and 
Cross  (1948)  reeorded  the  following  equianalgesie  doses  :  5  mg. 
arnidone  =15  mg.  morphine  sulphate  =150  mg.  pethidine  hydro- 
ehloride.  But  the  widespread  use  of  this  method  raises  the 
(juestion  of  its  limitations  and  inadequacies  : — 

Firstly,  the  results  obtained  by  different  workers  with  a  single 
drug  are  by  no  means  consistent.  P’or  example,  the  following 
differences  in  threshold  raising  action  of  morphine  sulphate  have 
been  reeorded  : — 


Dose  of  Morphine 

Woljf  et  al. 

(1940) 

Sulphate 

5  mg. 

32%  rise  in  tliresliold 

10  mg. 

90% 

5  J 

15  mg. 

70% 

Cfm'stensen  and  Gross 
(1948) 

8%  rise  in  threshold 

17% 


It  is  clear  that  there  must  be  some  difference  in  the  interpreta¬ 
tion  of  the  end-[)oint  between  these  two  groups  of  workers. 

Secondly,  the  pain  threshold  may  be  influenced  by  numerous 
psyeliologieal  factors  which  have  been  carefully  studied  by  Wolff 
and  Goodell  (1943).  They  found  that  auto-suggestion  could  raise 
the  pain  threshold  by  up  to  20  per  cent,  that  distraction  produced 
by  counting  or  the  clanging  of  a  bell  could  raise  the  threshold  bv  up 
to  -K)-  U,  per  cent,  as  also  could  shallow  hypnosis.  It  was  also  shown 
that  pharTuacologically  inert  substances,  e.j;.  lactose  in  capsules 
could  sometimes  raise  the  threshold  as  much  as  0.(1  G.  ofacetvl- 
saheyhe  acid,  and  that  such  responses,  whilst  more  readily 
produced  m  suggestible  inexperienced  persons,  occasionally  oc¬ 
curred  even  m  stable  subjects  thoroughly  versed  in  the  method  of 
ru  n  ding  pain  sensation.  It  would  therefore  appear  that  analgesic 
iriigs  should  not  be  compared  at  a  dose  level  which  raises  the  pain 
threshold  by  less  than  30-,.,  per  cent,  unless  very  carchd  me- 

iiX.ences%t  is  ?’t‘"  “'<=  <-«'ni>licating'  jisyehological 

(luiul  w  u.ciesting  to  note  that  .Sonnenseheiu  and  Ivy 

tug  rrasihn' r  "  f  the  antlpyretic-analgesic 

iac^is;  o!;-  e^Siiy  iL2.r!;:;;n  tfr " 

they  suggest  that  these  drugs  act  peripherally  I!n  'tV" 
producing  pain.  1  on  the  processes. 
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Thirdly,  the  piiiii  threshold  raising  action  ot‘ morphine,  as  tested 
by  radiant  heat  on  the  skin  of  the  forehead,  is  greatly  reduced  or 
even  abolished  by  the  presence  of  })ain  in  some  other  part  of  the 
body.  For  exam})le,  if  severe  pain  be  produced  by  isehtemie 
muscular  contractions  before  the  injection  of  morphine,  the  skin 
j)ain  threshold  raising  action  of  the  drug  is  completely  prevented 
(Wollf  ct  ah,  1940).  It  is  therefore  eoneludcd  that  morphine  acts 
largely  in  other  ways  to  give  relief  from  ])ain.  and  Wolf!  and  his 
colleagues  have  discussed  these  possibilities.  They  jwint  out  that 
the  experience  of  ]^ain  may  be  regarded  from  two  aspects,  pain 
perception,  and  a  reaction  pattern  to  pain  which  is  what  eharacter- 
istically  distinguishes  pain  from  other  sensations.  Ihe  reaction 
pattern  involves  withdrawal,  tear,  (light  or  anxiety  and  is  assoei- 
ated  with  visceral  reactions,  this  jiattern  being  independent  of 
pain  jicreejition  per  se.  \\  olft  et  al.  (1942)  measured  the  alarm 
reaction  in  man  by  recording  changes  in  electrical  resistance  in 
the  skin  of  the  hand  in  response  to  the  ap{)lication  ot  heat  to  the 
forehead.  The  “alarm’’  threshold  varied  widely  in  conditions  m 
which  the  pain  threshold  remained  constant,  and  if  the  former  he 
regarded  as  a  measure  of  the  reaction  pattern  to  pain,  it  certainly 
responded  quite  differently  from  the  pain  threshold.  both 
thresholds  were  raised  by  alcohol,  the  “alarm”  threshold  to  a 
much  greater  extent  than  the  pain  thieshold. 

Wolff  et  al.  (1940)  suggest  that  morjihine  acts  to  relieve  })ain  in 


and  interferes  with  jiain 


the  following  ways  : — 

(1)  It  raises  the  pain-threshold 

*  (2)^  It  detaches  the  perception  ol  pain  Irom  the  (ight-llight 

anxdetv  response.  Pain  is  still  perceived  and  recognized  as  pain 
but  the  usual  reaction  iiattern  to  pain  docs  not  occur. 

(3)  It  induces  lethargy  and  sleej). 


Tsehaemic  Pain  IVIethocl  . 

\i.other  comment  that  might  I.e  nnulc  concerning  tlic  tc^^ 

inst  described  is  tliat  tlic  induced  pmn  is  veix  ti.nisicn  .  . 

therefore  unlike  the  more  enduring  types  of  pimi  hir  '  "'V ; 

pldne  is  so  freip.entb-  "'^ufen't  pain'’ltan  h. 

drug  IS  more  eonimou  x  of  these  facts  Ilexvrr 

S'Kee'le  ‘,1  h«T'investigated  the  actions  in  . ana,  persons 
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of  analgesic  drugs  on  maintained  iscluTmic  muscular  pain,  the 
intensitv"  of  which  was  assessed  subjectively  in  units  from  1—10 
(l=verv  slight,  10  =  intolerable  pain).  The  drugs  tested  were 
injected  intravenously  when  pain  was  moderate  (4-5  units),  and 
effective  doses  ])roduced  rapid  transient  relief  (Fig.  26,  amidone). 
It  was  shown  that  control  injections  of  0.9  per  cent  NaCl 
1  solution  or  subthreshold  doses  of  analgesics  were  consistently 
ineffective.  In  order  to  compare  the  potency  of  different  analgesics, 
the  smallest  dose  of  each  drug  which  reduced  {)ain  of  4-5  units 


Fig.  2() 

Intravknous  Amidone  on  Isch.emic 
Muscle  Pain 

Pain  is  expressed  in  arbitrary  units  (see 
text). 

(.After  Hewer  and  Keele,  1948.) 


ensity  was  deter, and  t},e  tlireshoUl  values  were  tin.s 
establisl.ed  ]  lie  results  showed  that  ruoiphine  and  amidone  were 

as  prtSe!  l>0"'erful 

The  maintained  ischiemie  pain  method  has  also  been  used  to 
monstrate  the  site  of  action  of  intravenously  injected  mncaine 
as  an  analgesic  It  has  been  suggested  that  prolaini  administered 
m  this  way  might  be  concentrated  in  tissues  where  t  Ire  , 
increased  capillary  permeability  resulting  from  burns  or  traura! 
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but  Hewer  and  Keele  showed  that  procaine  could  relieve  pain 
arising  from  ischiemic  muscle,  into  which  it  certainly  could  not 
penetrate,  so  a  central  nervous  action  must  account,  at  least  in 
part,  for  the  analgesia  produced  by  intravenous  injection  of 
this  drug. 


Clinical  Studies  of  Analgesic  Drugs 

Studies  of  pain  threshold  responses  in  animals,  and  even  in 
man,  are  only  preliminaries  to  the  important  field  of  therapeutic 
application  to  the  relief  of  pain  in  disease.  The  reaction  patterns 
of  patients  to  pain  associated  with  disease  are  naturally  much  more 
complex  than  the  responses  of  normal  volunteers  who  know  that 
the  duration  of  any  test  is  limited,  and  that  they  can  terminate 
the  unpleasant  experience  at  will.  With  these  points  in  mind  it 
may,  however,  still  be  possible  to  arrange  conditions  so  that 
the  clinical  effectiveness  of  two  analgesic  drugs  may  be  compared. 
The  factors  to  be  considered  most  carefully  are  the  great  vari¬ 
ability  in  the  natural  course  of  intensity  of  pain  in  different 
subjeks,  the  difficulty  of  comparing  one  patient’s  experience  of 
pain  with  another’s,  and  the  psychological  factors  which  so 

readily  influence  this  experience. 

Lee"  (194‘2)  has  recorded  very  extensive  data  on  the  comparative 
efl'ectiveness  of  morphine,  metopon  and  desoniorphine  given  to 
patients  with  acute  or  chronic  pain.  He  recorded  the  smallest 
effective  dose  for  each  drug  and  classified  the  effectiveness  in 
terms  of  no,  slight,  fair  or  complete  relief.  The  intensity  and 
duration  of  action,  the  occurrence  of  sleep  and  the  development 
of  side  effects  were  noted.  Control  injections  of  inert  substances 
were  given  at  intervals,  and  the  solutions  for  injection  were  made 
up  so  that  neither  the  nurse  nor  the  jiatient  knew  the  identi  v  or 
(lose  of  tlie  drug.  At  intervals  the  drugs  were  ' 

hours  aiKl  sterile  0.9  per  eent  Nad 

possible  development  of  the  abstmenee  syndrome.  1  om  these 
Ilata  Lee  eoneh.ded  that  5  mg.  of  metopon  was  eq,  i  alent  to 
mg.  of  morphine  and  that  the.se  doses  were  equis  alent  to  n  „• 

‘’',‘"Tur(1949)  have  also  investigated  ““rt” 

f  onnlfTPsic  druffs  They  have  made  use  of  the  pain  cliar 
(K^le  mS)  or  reeording  in  H.e  patient’s  own  words  ‘"e  h'^-- 
if  pain  at  r4ular  intervals  (usually  hourly)  throughout  the  dat 
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and  night.  The  pain  is  described  as  none,  slight,  moderate, 
severe  or  very  severe,  and  the  records  obtained  demonstrate  very 
clearly  the  influence  of  analgesic  drugs  on  the  course  of  pain 
(Fig.  27,  amidone).  Hewer  et  al.,  have  also  studied  methods  for 
summarizing  their  data  derived  from  individuals  with  chronic 
pain  in  whom  several  drugs  were  investigated  very  fully,  or  from 
groups  of  patients  in  which  the  individuals  (with  more  acute 
varieties  of  pain)  were  given  only  small  numbers  of  injections.  In 
each  case  the  intensity  of  pain,  as  described  in  w'ords,  w'as  converted 
to  a  scale  of  units  as  follows  :  no  pain  =  0  units,  slight  pain  =  l 
unit,  moderate  pain  =  2  units, -severe  pain=3  units,  very  severe 
pain  =  4  units.  The  figures  recorded  from  individual  pain  charts 
were  added  together  and  could  then  be  analysed  statistically. 


AM  PM 

Fig.  27 

Pain  chart  showing  effects  of  amidone  on  pain  in  a  patient 
with  carcinoma  of  cervix  uteri.  Each  arrow  indicates 
administration  of  amidone  of  7.5  mg.  by  mouth. 

(After  Hewer  et  al.,  1949.) 

Asher  (1948)  has  made  ingenious  use  of  different  coloured  tablets 

or  the  chnical  comparison  of  analgesic  drugs  which  may  be  given 

by  mouth  ;  he  showed  that  inert  tablets  ga^'e  some  relief  in  50  per 
cent  nt  i 


Evaluation  of  Addiction  Potentialities  of  Drugs 

The  most  dangerous  toxic  action  of  the  powerful  analgesic 
drugs  IS  their  liability  to  produce  addiction.  One  component 
of  this  state  IS  Euphoria  which  is  a  feeling  of  well-being  perhaps 
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Another  important  element  of  the  addiction  picture  is  what  is 
called  Psychic  Habituation,  but  even  more  outstanding  and  much 
more  characteristic,  is  the  state  of  Physical  Dependence.  Habitua¬ 
tion  is  the  craving  for  the  drug,  while  physical  dependence 
expresses  an  accpiired  bodily  need  for  it  to  prevent  the  development 
of  physiological  disturbances  mainly  related  to  the  autonomic 
and  central  nervous  systems.  The  addiction-producing  analgesics 
also  lead  to  Tolerance.  When  a  drug  to  which  a  person  is  addicted 
is  suddenly  withdrawn  an  Abstinence  Syndrome  develops.  All 
these  aspects  of  drug  addiction  produced  by  analgesics  have  been 
particularly  studied  in  the  U.S.A.,  where  the  addiction  problem 
is  much  greater  than  in  this  country,  and  the  relations  between 
euphoria,  analgesia  and  physical  dependence  were  discussed  in  a 
symposium  to  which  Oberst  et  al.  (1943)  contributed.  Isbell 
(1948)  has  discussed  this  subject  with  particular  reference  to  the 
newer  synthetic  analgesic  drugs. 

Kolb  and  Himmelsbach  (1938)  and  Himmelsbach  (1941)  have 


Table  8 

Scoring  for  Evaluation  of  Abstinence  Syndrome  Intensity. 


Signs 

Points 

Yawning  ..•••• 

1 

1 

Lacrimation  ..•••• 

Rhinorrboea  .••••' 

1 

Perspiration  .••••• 

Anorexia:  40%  Decrease  in  Caloric  Intake 

3 

3 

3 

3 

(iooseflesh  •••••■ 

Dilated  Pupils  .••••• 

Tremor  •  •  •  •  ‘  ’ 

5 

Restlessness  .  •  •  • 

Kinesis  :  Each  Act  of  Emesis  observed 

Fever:  Each  O.DC.  rise  in  Reetal  Temperature  over 

1 

Addiction  Mean  .  •  •  .  • 

IH  perpncea  :  Each  Respiration  per  minute  increase  over 

1 

Addiction  Mean  .  •  ' 

Systolic  Rlood  Pressure:  Each  2  mm.  Hg.  rise  up  to  30  mm. 

1 

over  Addiction  Mean  x-  A 

Weight  :  Each  {lound  lost  from  last  Addiction  Day 

1 

Abstinence  Syndrome  Intensity  =  Sum  of  points  scored. 
Critical  Lev’el  =  10  points. 
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iiilroduocd  a  system  ol'  scoring  for  evaluating  the  intensity  ol 
the  abstinence  syndrome.  The  responses  to  drug  withdrawal  and 
the  allocation  of  points  for  each  factor  are  illustrated  in  Table  S. 
The  detailed  time  eourses  of  some  of  the  changes  arc  shown  in 
Fig.  2t<. 

In  studying  the  possible  addictive  properties  of  a  new  analgesic 
drug  four  methods  of  testing  may  be  used  (Isbell,  1948)  : — 

(i)  Administration  of  single  doses  for  the  deteetion  of  euphoria. 

(ii)  The  elTeet  of  single  doses  on  the  morjihine  abstinence 
syndrome. 

(iii)  Substitution  of  the  new  drug  for  morphine  in  patients 
strongly  addicted  to  morphine. 

(iv)  Direct  or  primary  addiction  to  the  new  drug. 

I  hese  points  will  be  illustrated  later  in  relation  to  jiethidine  and 
amidone. 

further,  as  Batterman  (1948)  has  stressed,  “the  adtlietion 
liability  ol  the  new  analgesie  drugs  must  be  considered  from  the 
point  ol  view  of  the  individual  as  well  as  the  drug.”  The  great 
majority  ol  drug  addiets  are  psyehopathie  subjeets. 

\  ogel  et  al.  (1948)  have  diseussed  the  eomparative  liabilities 
of  the  powerful  analgesics  to  produce  addiction  and  Table  9 
summarizes  the  jiosition  with  regard  to  the  most  widely  used 
members  ol  this  group  (4  =  thc  maximal  liability  in  each  category). 


T.mu.k  9 


C  oiupm ative  Addiction  Licibility  of  ^Inol^esic  Driif^s. 


Physical 

Habituation 

Inability 

Drug 

Dependence 

Total 

Liability 

Morphine 

4 

t 

8 

I  lihydroniorphinone 

Hydrochloride 

4 

8 

•Metopon 

4* 

Pethidine  Hvdroehloride 

o 

4 

3 

Amidone 

1 

2 

5 

('odeine 

4* 

1 

5 

li 
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°C  RECTAL 


Morphine  Abstinence  Syndrome 


The  effects  of  withdrawal  of  morphine  on  various  body  responses  are 
shown.  Absdssa^'So.  of  days  after  abrupt  witlidrawal. 

(After  Himmelsbach,  1941.) 


rKTIIlDlNE 
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It  will  be  noted  that  diamorphine  (diacetylniorphine)  is  not 
included  in  this  Table.  It  is  of  course  even  more  liable  than 
inorjiliine  to  eause  addiction,  and  for  this  reason  its  use  has  been 
abandoned,  and  its  inanufaeture  forbidden  in  the  U.S.A.  ]\Iono- 
acetyhnorphine  on  the  other  hand  produees  only  moderate 
euphoria  (Jones  and  ('hajunan,  1944)  and  since  it  is  a  more  potent 
analijesie  than  morphine,  and  is  less  liable  to  eause  nausea  and 
\'omitin^,  it  would  be  interesting  to  know  more  about  its  thera¬ 
peutic  actions,  especially  its  capacity  to  })roduec  addiction. 

^  Newer  Analgesic  Drugs 

The  actions  of  some  of  the  newer  analgesic  drugs  will  now  be 
discussed.  The  reader  is  recommended  to  consult  the  reviews  by 
'Fainter  and  Iluehanan  (1949)  and  by  Van  Dyke  (1949),  as  well  as 
the  symposium  in  the  .\nnals  of  the  New  York  Academy  of 
Sciences  (November,  1948)  for  further  details. 


Pethidine 

Pethidine  (Dolantin,  Demerol,  Isonipccaine,  Meperidine)  was 
originally  introduced  by  Eislcb  and  Schaumann  (1939)  as  a 
spasmolytic  drug,  but  during  the  course  of  toxicity  studies  in 
mice  a  morphine-like  erection  of  the  tail,  due  probably  to  stimula¬ 
tion  ot  the  spinal  cord,  was  observed  (Straub  phenomenon),  and 
subsequently  it  was  shown  that  pethidine  has  analgesic  properties. 

Pethidine  is  dehnitely  less  depressant  to  resjnration  than 
morphme,  both  in  intensity  of  effect  and  duration  of  action.  Its 
action  on  the  circulation  is  slight,  though  intravenous  injection 
of  large  doses  may  {iroduce  peripheral  vasodilatation  with  a  fall 
m  blood  pressure  ;  on  the  heart  it  has  a  quinidinc-like  action  and 
c  epresses  the  excitability  of  the  muscle  in  response  to  electrical 
stimuli.  Robbins  (1945)  showed  that  pethidine  prevented  the 
cardiac  irregularities  induced  in  dogs  by  cvclopropane. 

Pethidine  also  has  weak  atropineAx\^c  effects,  such  as  the 
production  of  mydriasis,  inhibition  of  salivary  secretion  and  some 
anti-uigal  actions  It  has  direct  papaverine-like  actions  on  the 

vessoh  "'t"  . "  ,  intestine,  uterus  and  blood 

smontli  "  ."’‘"-y  /'“P  pethidine  produces  contraction  of  tlic 
smootl,  muscle  of  the  intestine  (Grnbcr  a  «/.,  1941),  hnt  in  man 

nii;''or  pctiddinc  '"t***  <inotc  Harlow  as  having  shown  that  50-101) 
mg.  ol  petlndnie  .ntran.nscniarly  redneed  or  abolished  the  motility 
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of  the  gastro-intcstiiial  tract  for  up  to  hours.  Although  gastric 
and  colonic  tone  are  reduced  by  })ethidine,  biliary  |)ressure  is 
increased,  probably  from  spasm  of  the  “sphincter"  of  Oddi 
(Gaensler  et  aL,  1948).  Indeed  these  authors  found  that  pethidine 
was  nearly  as  powerful  as  mor})hine  in  this  resjjcct,  and  in  two 
patients  they  recorded  the  protluction  of  attacks  of  biliary  colic 
alter  injection  of  pethidine.  .Vs  with  morphine,  such  spasm  can  he 
relieved  by  nitrites,  amino])hylline  or  adrenaline,  hut  not  by  atro¬ 
pine  or  papaverine. 

The  ureter  behaves  diircrcntly,  and  ('limenko  and  Herg  (1948) 
found  that  pethidine  reduced  the  amplitude  of  contractions  and 
the  tone  of  the  ureter  in  dogs  and  in  man. 

Pethidine  is  also  a  local  atuvsthetic  and  Way  (1940)  showed  in 
tests  on  the  rabbit’s  cornea,  the  frog’s  sciatic  nerve,  and  on 
intradcrnial  injection  in  man,  that  it  possessed  about  70  per  cent 
of  the  activity  of  cocaine,  hut  it  is  not  suitable  for  clinical  use 
since  it  produces  preliminary  irritation. 


Absorption,  Distribution,  Fate  and  Excretion  of  Pethidine 
Way  ct  al.  (1949)  have  investigated  the  absorption  and  distri¬ 
bution  of  j)ethidine  in  rats  (using  Prodic's  methyl  orange  method). 
.\ftcr  oral  administration  over  90  per  cent  absorption  from  the  gut 
had  occurred  within  4  hours.  Studies  of  distribution  showed  the 
highest  concentrations  in  the  kidnevs,  spleen,  lungs  and  liver  and 
moderate  concentrations  in  the  brain. 

Lehman  and  Aitken  (1948).  Oherst  (1948)  and  Way  et  aL  (1919) 
have  studied  the  excretion  of  pethidine  and  recovered  5-20  per 
cent  in  the  urine  both  after  oral  admiiustration  aiul  after  sub¬ 
cutaneous  injection  of  the  drug  in  man.  It  would  thus  appear  that 
over  80  })er  cent  is  destroyed  in  the  body,  and  the  work  ot  Heru- 
heim  and  Bernheim  (1945)  suggests  that  pethidine  is  hydrolysed 
in  the  liver  by  an  esterase  distinct  from  troi)ine  esterases,  chohu- 
esterases  and'the  esterases  which  hydrolyse  aliphatic  esters.  Way 
et  al  (1947)  found  that  after  partial  hcpatectomy  m  rats,  the 
actions  ..r  peti.i(line,  ami  its  level  in  the  hloml,  were  K«'ater  than  ni 
normal  animals,  and  they  snjjgest  that  the  elfe(‘ts  ot  pd  lu  me 
man  might  be  eidianeed  hy  liver  disease 

Wav  et  al  (Ih-th)  have  also  reeoveretl  pethithne  fiom  sa  * 
man,  bnt  Ibimd  none  in  the  milk  of  laetating  .m.thers  "'thin  '  j 
hour^  of  injection  of  the  drag  (IdO  mg.).  They  also  recovered  s.nall 
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aniouiits  of  pethidine  (less  than  1  per  eent  ol  the  dose  injected 
into  the  mother)  from  the  urine  of  new-born  infants. 


Pethidine  and  Addiction 

The  development  of  addietion  to  pethidine  was  reported  soon 
after  its  introduetion  in  (Germany,  and  more  extensive  observa¬ 
tions  in  other  eountries  have  sinee  confirmed  its  capacity  to  lead 
to  tolerance,  habituation  and  physical  dependence.  Ilimmclsbach 
(1942)  has  studied  this  cpiestion  from  dilfercnt  angles  : — 

(1)  In  morphine  addicts  stabilized  on  the  smallest  dose  of 
morphine  re(piircd  to  ])revent  abstinence  symptoms,  the  sub¬ 
stitution  of  pethidine  for  morphine  allowed  some  withdrawal 
signs  to  appear. 

(2)  After  a  week’s  administration  of  pethidine  alone  (as  a 
morphine  substitute),  abrupt  withdrawal  |)rodueed  a  smaller 
abstinence  syndrome  than  after  withdrawal  of  morphine  (Fig.  29). 

(3)  In  four  subjects  repeated  injections  of  pethidine  produced 
addiction,  which  after  1-2  months  was  followed  by  a  very  mild 
withdrawal  syndrome,  whereas  after  10-11  weeks  administration 
the  withdrawal  effects  were  cjiiitc  marked,  though  still  less  than 
those  of  morphine. 

^  onkman  et  al.  (1944)  noted  synijitoms  such  as  nausea,  vomiting, 
sweating,  tremors,  nervousness,  irritation  and  depression  some 
hours  after  abrupt  withdrawal  of  pethidine  in  nine  patients,  but 
it  is  generally  agreed  that  the  withdrawal  signs  and  symptoms  arc 
not  very  severe,  and  occasionally,  as  in  a  ease  described  by 
Curry  (1947)  where  the  dose  of  i)ethidine  rose  finally  to  1,250  mg. 

dady,  there  were  no  abstinence  signs  whatever  on  withdrawal  of 
the  drug. 


With  regard  to  the  development  of  tolerance  to  pethidine, 
Wieder  (1946)  recorded  an  increase  in  dose  up  to  2-3  G  daily 
m  two  patients,  and  Polonio  (1947)  describes  three  cases  in  whom 
•J,  /-8  and  12-14  G.  respectively,  were  taken  daily.  These  high 
doses  were  liable  to  cause  tremors,  muscular  twitching  in  the 
extremities  muscular  rigidity,  exaggerated  reflexes  and  even 
petit  mal-hke  seizures.  Andrews  (1942)  found  that  doses  up  to 
4.8  G.  daily  produced  slow  large  waves  in  the  eleetroeneephalo- 
gram  similar  to  those  seen  in  some  types  of  epilei^sy 

to  cLrs:,: 
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(1)  Pethidine  can  produce  euphoria. 

(2)  It  is  a  partially  effective  substitute  for  morphine  in  mor¬ 
phine  addicts. 

(3)  It  can  produce  psychic  dependence  (habituation). 

(4)  Tolerance  can  be  acquired  to  pethidine. 

(5)  Physical  dependence  can  occur.  The  withdrawal  syndrome 
is  less  severe  than  with  morphine. 

(6)  Addiction  is  much  more  likely  to  arise  after  injection  than 
after  oral  administration. 


Fig.  29 

Intensity  of  Abstinence  Syndrome 

The  intensity  of  the  abstinence  syndrome  after  withdrawal  of  morphine, 
codeine,  pethidine  and  amidone,  is  expressed  m  arbitrary  units.  1 
tensity  is  greatest  with  morphine,  and  the  duration  is  greatest 

amidone. 

(After  Vogel  et  al.,  1948.) 
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(7)  Pethidine  must  be  regarded  as  a  drug  of  addiction.  It  has 
been  placed  under  tlie  Dangerous  Drugs  Acts  restrictions  in  (xreat 
Britain. 


Clinical  Uses  of  Pethidine 

Accounts  of  the  clinical  use  of  pethidine  in  (Germany  soon 
followed  the  discovery  of  the  drug  by  Eisleb  and  Schaumann  in 
1939.  More  recent  and  detailed  reports  on  the  general  use  of 
pethidine  (its  use  as  an  obstetric  analgesic  is  considered  separately) 
have  come  from  Batterman  and  Ilimmelsbach  (1943),  \  onkman 
et  al.  (1944),  Christie  (1943),  Fitzgerald  and  McArdle  (1943)  and 
others.  The  main  points  revealed  by  these  studies  are : — • 

(1)  Pethidine  is  about  1  10  as  potent  an  analgesic  as  morphine 
when  given  by  intramuscular  injection. 

(2)  Although  pethidine  can  relieve  most  kinds  of  pain,  it  may  be 
somewhat  more  effective  against  |)ain  associated  with  smooth 
muscle  spasm,  owing  to  its  additional  spasmolytic  action.  As 
already  mentioned,  pethidine  increases  tone  in  the  biliary  tract 
and,  as  with  morjihine,  any  relief  following  its  administration  for 
biliary  colic  would  be  due  to  its  central  action. 


(3)  After  intramuscular  injection  the  analgesic  action  develops 
within  15  minutes  and  lasts  5-6  hours  (the  effective  duration 
must  of  course  depend  on  the  intensity  of  pain). 

(4)  Oral  administration  of  pethidine  is  less  effective  than  injec¬ 
tion.  but  is  sometimes  superior  to  a  mixture  containing  acetylsali- 
c\lic  acid.  0.5  (i.-j-phenacctin.  0.5  (i. -[-codeine  j)hosphatc  16  mg. 
(Christie,  1943). 


(5)  Pethidine  has  less  hy])notic  and  sedative  actions  than 
morphine,  and  does  not  depress  the  cough  centre. 

(6)  Pethidine  does  not  cause  constijiation. 

(7)  Side  effects  include  nausea,  vomiting,  dry  mouth,  dizziness, 
aintness,  pallor,  visual  disturbances,  euphoria,  restlessness  and 

anxiety.  Jhe  nausea  and  vomiting  are  less  than  with  morj)hine. 
o  crance  and  addiction  are  discussed  elsewhere  (pp.  255-257). 

(«)  The  usual  dose  of  pethidine  is  50-100  mg.  bv  intramuscular 
ject.on  or  by  mouth.  The  dose  should  not  exceed  150  mg.  3 
ccasionally  intravenous  injection  of  50-100  mtr  is 

used. 
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Pethidine  in  Labour 

I’othidine  was  tirst  used  to  roliove  the  pains  of  ehiUibirth  by 
Ihadhin  (lt>  U>).  in  this  eountry  tlu'ro  liave  boon  reports  on  this  use 
of  pethidine  by  Cbillen  and  Present t  (lOtt)  in  loO  eases,  and  ima-e 
reeently  by  liarnes  '\\\  500  lal>onrs. 

'Fhe  results  may  be  snnnnari/ed  as  follows  : — 

(1)  Pethidine  in  closes  of  100  400  inij.  intramnseularly  was  an 
etVeetive  analjjesie  in  the  majority  of  eases. 

(‘2)  Pethidine  was  oronerally  well  tolerated  by  the  mothers. 

(Jl)  Pethidine  was  not  considered  responsible  for  the  deaths  of 
any  babies  in  either  series,  thoniih  it  might  have  eontribnted  to 
asphyxia  in  some  eases. 

(4)  There  were  no  signitieant  aetions  ot\  uterine  eontraetions 
or  oi\  the  duration  of  labour,  and  there  was  no  tendeney  to  post¬ 
partum  hiemorrhage. 

(5)  Pethidine  did  not  prt'vent  the  patient  from  eo-operating 
ii\telligently  during  the  seeond  stage  ot  labour. 

The  iHunbined  use  of  pethidine  and  seopolamine  in  labour  was 
first  reported  bv  Hoby  and  Sehnmann  (1040)  and  has  reeently 
been  deseribed  by  Roberts  (104S)  in  500  labours.  The  maxinuun 
total  doses  of  the  drugs  within  IS  hours  were  400  mg.  ot  pethidine 
--  1.0  mg.  of  seopolamine.  'fo  the  analgesie  aetion  of  pethidine 
was  added  the  amnesie  elYeet  of  seopolamine.  and  there  was  no 
evidenee  of  anv  additional  harmful  etYeets  on  the  mother 
or  ehild.  and  no  prolongation  of  labour  (see  also  llershenson. 

^  It  inav  be  said  that  pethidine  is  the  most  satisfaetory  single  drug 
for  the  relief  of  the  pains  of  labour.  Its  great  virtue  is  that  ana  - 
aesia  oeeurs  with  onlv  slight  and  transient  depn'ssion  ot  the  la 
^espiratorv  eentre.  ii'i  which  respect  it  compart's  most  t«vourab  > 
„i,l,  n.on-hino  a,ui  anmiono.  It  slun.l.I,  however,  ''f  I-'' 

II, at  pethuhoe  is  aot  tikelv  to  he  solheient  y  powerlul  ; 

the  pain  Inapu-ntly  assoeiate.1  with  the  later  s  aees  o  lah^; 
when  the  administration  of  nitrons  oxale  or 
he  nHinireil.  Tliere  is,  however,  some  evi.lenee  th,it  tin  i,  n 
nse  o  '  these  asents  w  ith  pethidine  may  donhle  the  meu  eM, 
a^phy-via  neonatorn.n  (Uoyal  College  of  Ohstetne.ans  and  (..,a 
cologists  Report.  1V14S). 


ACTIONS  OF  AM! DONE 
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Amidone 

Aniidone  [Iloechst  10820,  Physeptoiic,  Miadone,  Dolophine, 
Adanoii,  Methadon  (e),  Hutalgin]  was  introduced  during  the  war  in 
(leritiany;  it  has  been  subsequently  developed,  and  related  eoin- 
pounds  liave  been  studied  in  (ireat  Jiritain  and  in  the  United 
States. 


Analgesic  Actions 

Seott  and  ('ben  (19i0)  showed  that  aniidone  (5  ing./kg.)  was  a 
more  powerful  analgesic  than  the  same  dose  of  morphine  in  the  dog, 
and  in  man  they  found  5  mg.  by  mouth  as  potent  as  150  mg.  of 
pethidine  ;  mice  showed  the  Straub  tail  phenomenon,  and  cats 
responded,  as  to  morphine,  with  excitement.  Thorp  et  al.  (1947) 
found  that  in  rats  amidone  was  as  powerful  an  <analgesie  as 
morphine,  and  that  both  were  7-10  times  more  potent  than 
|)ethidine.  Christensen  and  Ciross  (1948),  using  the  Ilardy-Wolff 
radiant  heat  method  in  man,  have  claimed  that  .5  mg.  of  amidone 
is  as  effective  as  15  mg.  of  morphine,  but  Hewer  and  Keele  (1948), 
in  studies  on  the  actions  of  these  drugs  on  isclucmic  muscular 
[lain,  and  Hewer  et  al,  (1949)  in  their  clinical  investigations,  found 
amidone  and  morphine  about  equally  active. 

I  he  other  actions  of  amidone  have  been  reviewed  bv’  the 
Council  on  Pharmacy  and  Chemistry  (1948).  They  mav  be 
summari'/ed  thus  : — 

(1)  Amidone  is  less  liable  than  morphine  to  produce  nausea 
and  vomiting,  except  when  it  is  given  by  mouth. 

(2)  .\midone  jiroduecs  less  constriction  of  the  pupil  than 
morphine. 


(8)  Amidone  depresses  breatliing  less  than  does  morphine,  but 
more  than  pethidine  (Thorp  et  al..  19+7).  Prescott  and  Itansome 
(  )  lave  concluded  that  the  depressant  action  on  the  infant’s 

r"‘r  tl'c  use  of  amidone  in  obstetric 

analgesia.  Amidone  also  depresses  the  cough  reflex. 

(4)  Amidone  is  much  less  constipating  than  morphine 
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(5)  Aniidone  in  the  usual  closes  is  not  a  sedative  or  liypnotic, 
and  shonld  not  be  used  where  the  sedative  elTeet  of  morphitie 
is  reciuired,  e.g.  in  pre-aiuesthetic  niedieation. 

(6)  Theraj)eutie  doses  have  no  signiheant  aetions  on  tlie  eireula- 
tion.  Large  doses  intravenously  may  ]woduee  hradyc-ardia  and  a 
fall  in  blood  j)ressure. 

(7)  Aniidone  has  a  loeal  amesthetie  aetion.  It  is  also  a  weak 
histamine  antagonist  (Chen,  1948). 

(8)  Side  Effect.^.  Euphoria  is  unusual  with  doses  of  the  order 
of  .5-10  mg.,  but  it  mav  oeeasionallv  oeeur,  and  has  been  reeorded 
in  former  nior]ihine  addiets,  who  should  know.  Other  side- 
effects  include  nausea  and  vomiting,  lighthcadcdness  and  giddi¬ 
ness.  which  occur  more  frecpiently  in  ambidant  patients  than  in 
those  confined  to  bed.  Glazebrook  (1949)  fecund  that  side  eflcets 
were  no  less  frecpient  with  aniidone  than  with  morphine. 

llatterman  and  Oshlag  (1949)  have  stated  that  mental  con¬ 
fusion  and  toxic  jisyehosis  may  oeeur  when  aniidone  is  given  for 
jirolonged  periods  to  patients  over  50. 

(9)  Tolerance.  Isbell  et  al.  (1947)  administered  very  large 
doses  of  aniidone,  e.g.  GO  to  100  mg.  (j.i.d.  tor  28  to  180  days  to 
15  subjects,  and  noted  the  development  of  tolerance  to  its 
analgesic  and  sedative  aetions.  There  have,  however,  been  no 
reports  of  increased  tolerance  after  prolonged  administration  of 
therapeutic  doses. 

(10)  Physieal  Dependenee.  Aniidone  was  found  liy  Isbell  et  al. 
(1947)  to  be  an  effeetive  substitute  for  morphine  in  morphine 

addicts. 


(i)  It  relieved  the  abstinence  symptoms  which  followed  the 
abrupt  withdrawal  of  morphine  in  addiets. 

(ii)  \midonc  was  effective  in  preventing  the  aiiiiearanec  of  with¬ 
drawal  svmiitoms  when  sulistitutcd  for  morphine  in  stabilized 
addicts.  The  ade((uate  dose  of  aniidone  was  about  1/4  tliat  o 
the  jircviously  administered  morphine. 

(iii)  In  addicts  wlai  had  l,ccn  stabilized  on  anhdonc,  aln-upt  with- 

drawal  of  tl.c  driiR  prodneed  a  el.aractenstic  ‘ 

syndrome  widel,  dillcrcd  from  tl,c  morpl.me  ."'.tlKha  ■ 
p'ietnrc  in  devciopinf;  .norc  slowly,  in  bemf;  1''“  "f  “  " 
in  lasting  loTigcr.  Fig.  •->'.1  shows  a  comparison  ol  Ihc  amid 


AMinoXE  COMPOUNDS  201 

abstinence  syndrome  with  tliat  of  morphine,  codeine  and 
pethidine. 

Woods  et  al.  (1047)  have  studied  the  possibilities  of  amidone 
addiction  in  rhesus  monkeys,  which  can  readily  become  addicted 
to  morphine.  They  found  that  prolonged  administration  of  ami- 
done  did  not  produce  tolerance  or  physical  dependence. 

Since  amidone  can  occasionally  produce  cu])horia,  and  since  it 
can  so  effectively  substitute  for  morphine,  it  must  clearly  be 
regarded  as  a  possible  drug  of  addietion.  In  (ireat  Britain  its  use 
is  restricted  by  the  Dangerous  Drugs  Acts. 

(11)  Administration.  Amidone  may  be  given  orally  in  doses  up 
to  7.5  mg.  3  or  4  hourly,  or  subcutaneously  in  single  doses  of  2.5- 
10  mg.  To  relieve  cough  1.25-2.5  mg.  is  given  by  mouth. 

After  subcutaneous  injection  the  analgesic  action  dcvclo])s  in 
15-20  minutes,  and  lasts  2-4,  or  more,  hours,  depending  on  the 
dose  and  the  intensity  of  pain.  After  oral  administration  the  action 
takes  i  hour  or  more  to  appear. 


Other  Amidones 

The  name  amidone  usnally  refers  to  the  dl-  compound.  Robbins 
(1049)  has  investigated  the  value  of  this  and  other  amidones  in 
pre-  and  post-amesthetie  medieation,  and  noted  that  the  following 
doses  of  the  various  comjKnmds  were  ecpii valent  to  10  mg.  of 
mor[dhne  : — 

1-amidone,  8.7  mg;  dl-amidone.  7.5  mg; 

dl-isoamidone,  10-12  mg;  1-isoamidone.  7.5  mg. 


Phenadoxone  (Compound  “C.B.ll”,  Heptalgin,  Ileptazone) 
Wilson  and  Hunter  (1948)  studied  the  actions  of  phenadoxone  on 
normal  subjects  with  induced  ischamne  muscular  pain,  and  found 
that  It  was  at  least  as  potent  as  amidone  and  more  than  ten  times 
as  potent  as  pethidine.  Clinieally  it  was  administered  in  doses  of 
10-20  mg.  by  intramusevdar  or  intravenous  injeetion,  or  up  to 
80-., 0  mg.  by  mouth.  On  intramuscular  injection  the  action  of 
phenadoxone  began  m  10-15  minutes  and  lasted  2-3  hours*  by 
•mnith  It  began  to  act  in  20-30  minutes  and  the  effect  lasted’  3-4 

n  cuq;  F  ^  hypnotic  action.  Flataker  and  Winter 

(  •  .  )  omul  that  m  dogs  phenadoxone  was  shorter  acting  than 
amulone,  a.u  tl.at  its  so.lative  onect  was  less  than  that  of 
plane  or  an, alone.  They  fn,-ther  observed,  very  signifleantly,  that 
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(lojjs  tolerant  to  morphine  were  also  toleraiit  to  phenadoxonc, 
whieh  must  eertainly  be  regarded  as  a  potential  drug  of  addietioii. 

“Piperidyl  76roamidone” 

This  drug  was  introdueed  by  Ofner  et  al.  (1949),  and  was  shown 
in  rats  to  be  as  aetive  an  analgesic  as  morphine,  with  only  1/3 
the  respiratory  depression  of  the  latter.  Prescott  et  al.  (1949)  have 
found  that  “piperidyl  isoamidone”  has  less  respiratory  depressant 
action  in  man  than  morphine,  amidone  or  pethidine,  and  it  is 
being  tried  as  an  obstetric  analgesic. 

Fate  and  Excretion  of  Amidone 

The  metabolism  of  amidone  in  rats  has  been  studied  by  Kisen- 
brandt  et  al.  (1949)  and  by  Elliott  et  al.  (1949).  Both  groups  of 
workers  used  amidone  containing  radioactive  carbon  and  their 
findings  may  be  summarized  thus : — 

(i)  Amidone  is  eomplctcly  absorbed  from  its  site  of  sub¬ 
cutaneous  injection  within  two  hours. 

(ii)  The  highest  eoneentrations  of  the  drug  were  found  in  the 
liver,  intestine,  lungs  and  adrenals;  the  concentrations  in 
the  brain  were  very  low. 

(iii)  About  (>()%  of  amidone  was  excreted  in  the  f«eees  (prob¬ 
ably  mainly  via  the  bile)  and  less  than  30%  in  the  urine, 
within  24  hours.  Scott  and  Chen  (1946)  and  Cronheini 
and  Ware  (1949)  have  recorded  similar  figures  for  urinary 
excretion  in  7uan. 


Metopon 

Metopon  was  intro<luo«l  by  K.ldy  in  193«-  Lee  (lOd'.')  found  that 
5  mg.  of  metopon  was  as  elfcetivc  an  ajialgesie  as  10  mg.  of  mor- 
l.hine,  that  tolerance  and  physical  dependence  developed  mo 
llowlv,  and  that  it  caused  fewer  side  eneets  and  ha,l  less  hypno 
action  than  n.orphine.  Lee  warned  agamst  .ts  use  m  P>'<'n>ed  n  >on 
owing  to  its  occasional  production  ol  dangerous  rcspir.ito 
depression.  Metopon  is  more  liable  to  produce  a.hhetio.,  tha 

'’1ddv"(t;:i‘rr’:el"“ted'Mmt'nmt^^^^^^^  ve.,-  little  en.etic 

acto.^rwesldv'  partially  ellctive  as  a  suhstitute  for  n, or, .lane 

in  mori)hine  a.Idiets.  Meto,>on  is  en'eetivc  by  mouth  and  ha. 
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used  in  the  U.S.A.  made  up  in  capsules  each  containing  3  mg. 
The  drug  has  been  used  solely  for  the  relief  of  pain  m  cancer 
l^atients,  and  recently  the  Council  on  Pharmacy  and  Chemistry 
(1948)  has  reported  on  its  use  in  general  practice.  The  minimal 
effective  analgesic  dose  in  non-tolerant  persons  was  6  mg.  (2 
capsules),  and  the  duration  of  action  was  5-10  hours. 

It  should  be  added  that  metopon  is  prepared  from  thebame, 
that  it  is  expensive  and  difficult  to  make,  and  that  it  is  not 
available  in  this  country. 

Intravenous  Procaine  as  an  Analgesic 

The  use  of  intravenous  procaine  to  relieve  the  pruritus  as¬ 
sociated  with  jaundice  was  described  by  Lundy  (1942).  Its 
application  to  the  relief  of  pain  associated  with  burns  was  reported 
by  Gordon  (1943),  its  use  in  obstetric  analgesia  by  Allen  (1945), 
and  the  relief  of  postoperative  pain  was  described  by  McLachlin 
(1945).  The  results  of  over  2,()0()  infusipns  of  procaine  in  traumatic, 
inflammatory  and  other  states  have  been  presented  by  Graubard 
et  al.  (1947).  They  administered  0.1  per  cent  procaine  hydro¬ 
chloride  at  a  rate  of  about  4  mg./kg.  in  20  minutes  (i.e.  14  mg./ 
minute  in  a  70  kg.  patient).  Apart  from  relief  of  pain,  the  effects 
noted  were  a  sensation  of  warmth  in  the  whole  body,  flushing  of  the 
skin  of  the  face  and  neck,  a  dry  mouth,  mydriasis,  light-headedness 
and  a  feeling  of  relaxation.  Larger  doses,  e.g.  30-60  mg. /minute, 
produced  dizziness,  apprehension  and  drowsiness,  perhaps  leading 
to  momentary  loss  of  consciousness.  Allen  (1945)  has  described 
signs  of  central  nervous  stimulation,  e.g.  convulsive  movements, 
with  high  rates  of  infusion  and  recommends  the  prior  administra¬ 
tion  of  barbiturates  to  prevent  these  effects. 

The  safety  of  intravenous  procaine  infusion  depends  on  the  rate 
of  destruction  of  this  compound  by  procaine  esterase  in  the  blood 
and  liver  (Kiscli  et  oL,  1943  ;  Burgen  and  Keele,  1948  ;  Brodie  et 
al.,  1948).  Rovenstine  (1948)  has  suggested  that  the  analgesia 
produced  by  procaine  infusions  may  in  part  be  due  to  the  diethyl- 
aminoethanol  liberated  on  hydrolysis  of  procaine,  but  Rovenstine 
and  Papper  (1949)  found  that  very  large  doses  of  this  compound 
were  necessary  to  relieve  pain.  Intravenous  procaine  has  also  been 
used  in  recent  years  to  produce  vasodilatation  in  vascular  diseases, 
to  reduce  cardiac  irritability  in  arrhythmias  (by  a  quinidine-like 
action,  Dawes,  1940)  and  lor  the  su{)prcssion  of  certain  allergic 
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THE  HEMOPOIETIC  SYSTEM 


Iron 

The  metabolism  of  iron  is  of  interest  not  only  witli  respect 
to  the  fate  of  iron  in  the  diet,  but  also  in  relation  to  the  ad¬ 
ministration  of  iron  preparations  in  the  treatment  of  iron  deticieney 
ana'mia,  whieh  is  our  chief  concern  in  this  section.  It  was  formerly 
tliought  that  iron  was  absorbed  from  the  stomach  and  duodenum, 
and  that  any  excess  was  subsequently  excreted  by  the  colon. 
It  was.  however,  shown  by  ^Velch  et  al.  (193(5),  in  studies  made  on  a 
young  woman  with  an  ileostomy  stoma  and  an  isolated  large 
intestine,  that  there  was  no  significant  excretion  of  iron  into  the 
colon.  .McC'ancc  and  Widdowson  (1937  and  1938)  found  that, 
apart  from  a  small  initial  transient  excretion  of  iron  in  the  urine, 
intravenously  injected  iron  was  retained  by  the  body  ;  there  was 
no  evidence  whatever  that  parentcrally  administered  iron  was 
excreted  by  the  large  intestine.  McCance  and  Widdowson  there¬ 
fore  proposed  the  theory  that  the  iron  balance  of  the  body  is 
regulated  cntii'ely  by  control  of  iron  absorption  ;  it  follows  from 
this  that  the  iron  which  normally  aj)pcars  in  the  fteces  represents 
ii’on  which  has  never  been  absorbed  from  the  intestine.  Further 
reports  by  these  authors  (MeCance  and  Widdowson,  1937)  on  a 
patient  with  polycytlucmia  in  whom  severe  Inemolysis  was  thera¬ 
peutically  induced  by  acctyljihcnylhydrazinc,  and  OIcCance  and 
lliddowson,  1943)  on  another  ]iatient  with  very  severe  Incmolytie 
amrmia.  who  received  numerous  blood  transfusions,  showed  that 
iron  excretion  was  negligible  in  spite  of  the  liberation  of  vast 
quantities  of  iron  from  the  luemolysed  red  cells.  From  this  work 
1  IS  c  ear  that  the  control  of  iron  absorption  from  the  alimentarv 
tract  IS  extremely  important. 


Absorption  of  Iron 

It  IS  not  proposed  to  discuss  in  detail  the  sources  and  tvnes  of 

tK-rthesrasno 'I  ‘l"  absorptio,,. 

■C  aspects  have  been  recently  reviewed  by  Cartwright 

2(J{) 
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(1947)  and  Hynes  (1948).  The  older  indices  of  iron  absorjdion, 
e.g.  increases  in  hannoglobin  and  serum  iron  concentrations, 
have  been  reinforced  in  recent  years  l)y  the  use  of  radioactive  iron. 

Iron  is  absorbed  from  the  stomach  and  from  the  small  intestine 
(chielly  the  upper  part),  and  there  is  evidence  that  absorption 
can  occur  from  the  colon.  Radioactive  iron,  when  fed  to  dogs, 
appears  quickly  in  the  j^lasma  and  reaches  peak  concentrations 
in  4-8  hours,  which  suggests  that  absorption  is  complete  in  this 
time.  Numerous  factors  can  influence  the  absorption  of  iron  : — 

(1)  Dissociation  of  iron  salts  is  considerable  in  acid  solutions, 
as  in  the  stomach,  but  above  pH  5.0  the  dissociation  is  verv 
slight,  so  that  absorption  in  the  small  intestine  will  diminish 
rapidly  beyond  the  duodenum.  The  effect  of  gastric  achlorhydria 
will  naturally  be  greater  on  absorption  of  the  small  cpiantities  of 
iron  in  the  diet,  than  on  the  absorption  of  the  large  doses  of  iron 
salts  administered  therapeutically.  The  action  of  free  gastric 
HCl  is  primarily  to  dissolve  and  ionize  the  iron.  A  further  point 
to  be  noted  is  that  the  iron  salts  brought  into  solution  by  HCl  will 
be  precipitated  in  the  small  intestine  in  a  lincly  divided  state, 
in  which  it  will  be  quite  readily  absorbed. 

(2)  Substances  which  form  insoluble  compounds  with  iron 
diminish  its  absorption.  For  example.  Brock  and  Taylor  (1934) 
showed  that  phosphates,  and  McCance  et  al.  (1943)  showed  that 
phytic  acid,  could  reduce  absorption  of  iron. 

(3)  Ferrous  salts  are  better  absorbed  than  1‘erric  salts  in  man. 
This  fact  was  well  illustrated  by  Witts  (193(1)  who  comi)ared  the 
therapeutically  effective  doses  of  ferrous  and  ferric  compounds 
when  given  to  patients  with  hypochromic  amemia.  Moore  ct  al. 
(1939)  studied  the  absorption  of  iron  by  determining  the  level  of 
serum  iron  after  administration  of  iron  salts  by  mouth,  aiul  noted 
higher  values  after  ferrous  than  after  ferric  salts.  ^Nloore  et  al. 
(1944),  have  also  measured  radioactive  iron  uptake  in  terms  ot  its 
utilization  for  lucmoglobin  formation.  Normal  men  utilized 
1.5-10  times  as  much  ferrous  as  ferric  iron,  and  in  patients  with 
hypochromic  amemia  the  ratio  was  2-15  (Fig.  30).  In  dogs  these 
differences  are  less  marked. 

(4)  The  relation  between  iron  absorption  and  bodily  need  tor 
iron  is  very  interesting.  Hahn  et  al.  (1938)  showed  that  in  chronic 
hfemorrhagic  ana-mia  in  dogs,  absorjition  of  radioactive  iron  \\as 
greater  than  in  normal  animals.  Balfour  et  al.  (1942)  found  that  m 
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patients  with  hypochromic  anaemia  absorption  of  radioactive  iron 
was  10  times  as  great  as  in  normal  subjects;  tliey  also  shov\ed 
a  greater  absorption  of  iron  during  pregnancy.  Hynes  (1949)  has 
shown  that  when  the  iron  reserve  of  the  body  is  exhausted  by 
repeated  bleedings,  the  utilization  of  dietary  iron  is  increased  to 
about  33  per  cent  (normal =7  per  cent).  Thus  iron  absorption  is 
increased  in  conditions  where  there  is  an  increased  bodily  demand 
for  this  element.  (Fig.  30  illustrates  this  point.) 

It  should  perhaps  be  added  that  the  amount  of  radioactive  iron 
present  in  circulating  ha'moglobin  is  not  always  a  reliable  index 


Fig.  30 

Absorption  of  orally  adrninistered  radio  iron  in  a  patient  with  hvno- 
chromic  microcytic  amemia.  Ferrous  iron  is  better  absorbed  than  ferric 

iron. 

(After  Moore  et  al,  1944.) 
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of  iron  absorption.  For  example  Dubaeh  et  al.  (1946)  sliowetl  that 
in  untreated  pernicious  amemia  only  very  small  amounts  of  orally 
administered  radioactive  iron  appeared  in  the  blood  stream. 
However,  after  a  reticulocytosis  had  been  produced  bv  injection 
of  li\  er  extract,  the  proportion  ot  radioactiv^e  iron  found  in  the 
circulating  blood  increased  considerably  ;  this  suggests  that  in  the 
untreated  aiiccmia  the  iron  was  absorbed  and  stored  somewhere 
in  the  body,  but  could  not  be  utilized  until  the  total  hccmoglobin 
production  w'as  much  increased.  Dubaeh,  Callender  and  Moore 
(1948),  also  found  that  in  patients  whth  fever  or  with  refractory 
ana'mias,  more  iron  is  absorbed  than  is  used  for  luemoglobin 
formation. 

Mechanisms  for  Control  of  Iron  Absorption 

Hahn  et  al.  (1948)  studied  in  dogs  some  of  the  mechanisms 
concerned  in  the  control  of  iron  absorption.  Whereas  in  chronic 
haemorrhagic  amemia  absorption  of  radioactive  iron  wms  much 
increased,  acute  blood  loss  per  se  had  no  effect  on  iron  absorption 
within  24  hours  ;  similarly  the  production  of  anoxia  for  48  hours 
did  not  increase  iron  absorption.  They  also  noted  that  oral 
administration  of  an  iron  salt  a  few'  hours  before  the  administration 
of  radioactive  iron,  reduced  the  absorption  of  the  latter  (“mucosal 
block”),  an  observation  which  harmonizes  with,  previous  findings 
that  small  doses  of  iron  are  more  ellieiently  utilized  than  large 
ones.  These  authors  found  no  correlation  between  the  concentra¬ 
tion  of  iron  in  the  gut  and  the  scrum  level,  and  in  order  to  explain 
all  these  facts  they  postulated  the  existence  of  some  “iron- 
acceptor”  mechanism  in  the  gastric  and  intestinal  mucosa.  In 
normal  persons  the  acceptor  mechanism  can  become  saturated 
w'ithin  1-2  hours,  but  desaturation  takes  several  days.  In  iron 
deficiency  anamiia  the  transfer  of  iron  from  the  “iron-acceptor 
to  the  plasma  is  accelerated,  and  so  more  iron  can  be  absorbed 
from  the  intestinal  lumen  to  combine  with  the  acceptor. 

Ferritin 

(iraniek  (1946  and  1947)  has  suggested  that  the  above  men¬ 
tioned  results  of  Halm  et  al.  (1948)  can  be  most  simi)ly  explained 
by  the  presence  of  ferritin  in  the  mucosa  of  the  alimentary  tract, 
and  that  ferritin  is  also  eoncerned  with  storage  of  iron  m  other 
organs  ;  its  role  in  this  latter  connection  will  be  discussed  later. 
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Ferritin  is  a  brown  coloured  compound  lormed  by  the  union 
of  the  colourless  protein,  apoferritin  (molecular  weight  465,000), 
with  small  micellar  units  of  a  particular  kind  of  ferric  hydroxide  ; 
the  iron  content  mav  be  up  to  23  per  cent  by  dry  weight  of  the 
compound.  Ferritin  was  first  isolated  by  Laufberger  m  1937,  who 
obtained  it  as  a  crystalline  compound  with  cadmium  sulphate  ; 
apoferritin  also  crystallizes  with  cadmium  sulphate.  The  iron 
hydroxide  in  ferritin  is  curious  in  that  it  is  magnetically  dis¬ 
tinguishable  from  iron  hydroxide  found  elsewhere  in  nature ; 
its  ferric  iron  contains  3,  instead  of  the  usual  .5,  unpaired  electrons 
in  its  outer  shell. 

Granick  demonstrated  the  jiresence  of  ferritin  in  the  intestinal 
mucosa  by  its  formation  of  crystals  with  CdS04.  In  guinea  pigs. 
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Fig.  31 

(After  Granick,  1947.) 


ferritin  was  normally  present  only  in  the  duodenal  mucosa,  and 
there  only  in  traces.  After  feeding  with  iron,  an  increase  in 
ferritin  eontent  was  seen  in  the  mucosa  along  the  whole  gastro¬ 
intestinal  tract.  In  the  duodenum  the  ferritin  content  reached  a 
peak  within  seven  hours,  and  deereased  by  the  third  to  sixth  day 
to  normal  levels.  These  changes  may  be  correlated  with  the  time- 
course  of  saturation  and  desaturation  of  the  “iron-acceptor” 
mechanism  of  Hahn  et  ol.  (1943). 

Granick  has  proposed  the  following  scheme  for  absorption  of 
iron  (Fig.  31)  :  “Iron  is  absorbed  by  the  mucosal  cells  in  the 
ferrous  form.  In  the  mucosal  cells  it  is  postulated  that  an  equili¬ 
brium  exists  between  the  ferrous  iron  of  the  cells  and  tli'e  ferric 
iron  of  ferritin.  In  the  presence  of  ferritin  the  cells  are  considered 
to  be  “physiologically  saturated”  with  ferrous  iron.  OnlV  when 
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the  ferritin  iron  has  decreased  to  a  point  where  the  cells  are  no 
longer  “physiologically  saturated”  with  ferrous  iron  would  more 
iron  be  absorbed  by  the  cell.”  Granick  has  shown  further  that 
before  administration  of  iron  there  is  not  only  very  little  ferritin 
in  the  mucosa,  but  practically  no  apoferritin  either  ;  it  therefore 
appears  that  the  absorption  of  iron  causes  the  rapid  formation  of 
the  specific  protein  to  which  it  can  become  attached.  When 
ferritin  loses  its  iron,  apoferritin  also  disappears. 

On  Granick’s  view  the  increased  iron  absorption  in  chronic 
haemorrhagic  amemia  would  be  due  to  the  fall  in  the  serum  iron 
level,  which  in  turn  would  allow'  ferrous  iron  to  pass  from  the 
mucosal  cell  to  the  blood  stream  ;  the  equilibrium  with  ferritin 
iron  would  be  disturbed  and  when  the  concentration  of  ferritin 
iron  had  been  sulliciently  reduced,  the  cell  would  no  longer  he 
saturated  wdth  respect  to  ferrous  iron.  At  this  stage  more  iron 
could  be  absorbed  by  the  cell  from  the  intestinal  lumen. 


Other  Actions  of  Ferritin 

Alazur  and  Shorr  (1948)  have  shown  that  ferritin  is  identical 
with  the  vaso-depressor  material  (VDM)  which  has  been  isolated 
from  the  liver  and  blood  of  dogs  in  irreversible  shock,  and  have 
suggested  from  studies  on  the  vessels  of  the  rat  s  mesoappendix 
that  the  ferritin-apoferritin  system  is  important  in  the  regulation 
of  the  peripheral  circulation.  Corcoran  et  al.  (1949)  have,  however, 
found  that  in  rats  intravenous  injection  of  ferritin  has  no  consistent 
effects  on  blood  pressure  or  on  the  response  to  adrenaline. 

Baez  et  al.  (1949)  have  also  reported  that  ferritin  is  an  anti¬ 
diuretic  in  rabbits  and  dogs. 


Iron  Transport 

Moore  et  al.  (1939)  showed  that  iron  is  absorbed  from  the  gut 
into  the  blood  and  not  into  the  thoracic  duct  lymph.  They  found 
that  in  normal  subjects  the  oral  administration  of  10  G.  of  ferric 
ammonium  citrate  raised  the  serum  iron  level  from  100  to  3G0  fig-l 
100  ml.,  this  peak  value  being  reached  after  4|  hours  ;  the  serum 
iron  level  returned  to  the  original  value  in  1*2  hours.  Hahn  et  a  . 
(1939),  using  oral  radioactive  iron  in  dogs,  noted  peak  plasma  iron 
values  at  4-8  hours,  with  a  return  to  normal  in  ‘24  hours.  It  wouk 
appear  highly  probable  that  plasma  iron  is  iron  m  process 
port  from  the  site  of  absorption  in  the  gut,  or  from  sites  ot 
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lucinoglobin  breakdown,  to  sites  of  stora^re,  or  to  the  red 

wliieh  luenio^lobin  syntliesis  is  pertornieci. 

eoneentration  in  man  is  50-1  HO 


bone  marrow  m 
'I'be  normal  plasma  iron 
/iu-.  100  ml. 

I.anrell  {19-t7)  has  studied  iron  transport  in  the  serum  m  some 
detail.  He  points  out  that  the  total  amount  of  iron  ])resent  m 
blood  serum  is  about  0.1  i)er  eent  of  the  total  store  of  body  iron  ; 
the  total  serum  iron  therefore  is  about  4  mg.,  and  since  about  25 
mg.  of  iron  are  re(phred  daily  tor  hjemoglobin  synthesis,  consider¬ 
able  amounts  must  be  transported  trom  the  sites  of  breakdown  and 
storage  to  the  sites  of  luemoglobin  formation  in  the  bone  marrow. 
I.aurell  has  also  shown  that  there  is  a  “saturation  limit”  ior  the 
binding  of  iron  by  serum  ;  in  normal  subjects  about  315  /xg.  was 
the  maximum  amount  of  iron  which  could  be  bound  by  100  ml. 
of  serum.  In  the  latter  part  of  pregnancy  the  saturation  limit  rose 
to  440  jUg./lOO  ml.  Normally  the  serum  iron  level  is  about  1  /3  of  the 
saturation  value,  but  in  ana'inias  both  values  may  vary  inde- 
])endently  ;  for  exami)le  in  chronic  Inemorrhagic  anamiia,  the 
serum  iron  level  is  lowered  and  the  saturation  limit  raised,  whereas 
in  pernicious  aiuemia  the  reverse  occurs.  The  changes  in  infection 
will  be  discussed  later. 

Investigations  on  the  nature  of  the  jjlasma  protein  which 
combines  with  iron  have  been  reported  by  Surgenor  et  al.  (1949), 
who  lound  that  C'ohn’s  fraction  IV-7  eond)ined  with  metals  such 
as  copper,  zinc,  and  especially  iron.  This  fraction  is  a  globulin 
with  a  molccnlar  weight  of  90,000  ;  it  constitutes  about  3  per  eent 
of  the  total  ])lasma  protein,  and  has  been  shown  by  .lager  (1949)  to 
be  imnuinologieally  homogeneons.  Rath  and  Finch  (1949)  showed 
that  1  mg.  of  this  pure  globulin  combines  with  1 .25  ^ng.  of  iron. 
Laurell  (194/ )  was  unable  to  determine  whether  the  iron  combined 
\\ith  this  globulin  was  in  the  ferric  or  ferrous  form,  though  (iranick 

has  assumed  that  the  high  ()2  tension  in  blood  would  produce 
ferric  iron. 

I  here  is  no  direct  passage  of  radioactive  iron  from  its  combina¬ 
tion  with  plasma  globulin  into  red  blood  cells  in  vitro,  and  the 
demonstration  by  Hahn  ct  al.  (1939)  that  in  amemic  dogs  radio¬ 
active  iron  api)eared  inside  the  red  cells  within  four  hours  of  oral 
administration,  probably  means  that  fresh  hjcmoglobin  formation 

•n  the  bone  marrow,  incorporating  the  radioactive  iron,  had 
oeeiirred  within  that  time. 
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Utilization  of  Intravenous  Iron 

The  utilization  of  intravenously  administered  radioactive  iron 
for  luemoglobin  formation  has  been  studied  by  Dubaeh  et  al.  (1946) 
and  by  Finch  et  al.  (1949).  In  normal  persons  the  amount  of  radio 
iron  in  the  red  cells  steadily  increased,  until  about  2  weeks  after 
'injeetion  75  per  cent  was  found  in  these  cells,  the  remaining  25 
per  cent  j^resumably  having  been  stored  in  the  tissues.  In  patients 
with  iron  deficieneij  anaemia,  in  whom  both  circulating  haemoglobin 
and  storage  iron  were  redueed,  the  initial  uptake  of  iron  was 
quicker  and  the  final  percentage  utilization  was  higher.  In  heemo- 
chromatosis,  in  which  the  circulating  Inemoglobin  was  normal  and 
the  storage  iron  eiiormously  increased,  the  final  utilization  of  iron 
did  not  exceed  20  per  cent,  and  in  aplastic  ana  mia.  in  which  the 
circulating  hannoglobin  was  reduced  and  the  storage  iron  was 
normal,  a  similar  figure  was  recorded. 

Distribution  and  Storage  of  Iron 
The  distribution  of  the  total  body  iron  in  dogs  has  been  sum¬ 
marized  by  Hahn  (1987)  : — 


'I’aulf.  10 


Circulating  Iron 

Available  Iron 
reserves 

Non-available  iron 
reserves 

Blood 

Liver  ) 

Myoluemoglobin  7% 

I  la'inoglobin  57  % 

Spleen  i  1 5  % 

Bone  Marrow  * 
Elsewhere  5  % 

Parenehyma 
iron  (cyto¬ 
chrome,  cata¬ 
lase,  etc.  16% 

4'otals  57  % 

20% 

28% 

As  Hynes  (1948)  points  out,  these  figures  mean  that  the  available 
iron  reserve  is  about  850  mg.  which  is  sulTicient  to  replace  abom 
1  /3  of  the  circulating  luemoglobin,  so  that  a  blood  loss  oi  this  oid  r 

cin  be  n.adc  in  a  healtby  "‘‘'"’''b'nn'Lrsin  ■' 

ministration  of  aclditioTial  iron.  However,  Hynes  (I.HJ)  lias 
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reported  an  experiment  in  which  a  subject  was  submitted  to 
repeated  bleedings  over  a  period  of  136  days  (total  blood  loss  was 
2,750  ml.).  The  iron  reserves  were  in  this  way  exhausted,  and 
calculations  showed  that  the  reserve  amounted  to  about  600  mg. 
of  iron. 


The  iron  taken  up  by  the  liver,  spleen,  kidney  and  bone  marrow 
is  stored  mainly  in  the  form  of  ferritin.  Granick  and  Hahn  (1944) 
showed  that  after  intravenous  injection  of  9  mg.  of  radioactive 
iron  (as  ferric  ammoninm  citrate)  in  dogs,  40  per  cent  was  recovered 
in  the  liver  after  one  hour,  and  60  per  cent  after  two  hours. 
.•\fter  13  days  82  per  cent  of  the  iron  was  present  in  the  liver  ; 
75  per  cent  of  the  iron  isolated  from  the  ferritin  rich  fraction,  and 
from  the  crystalline  ferritin,  was  radioactive.  Hahn  et  al.  (1943) 
also  showed  that  the  iron  of  degenerating  erythrocytes  was 
similarly  stored  as  ferritin  in  the  liver.  They  transfused  erythro¬ 
cytes  containing  radioactive  iron  into  dogs,  to  whicli  they 
subsequently  gave  })henylhydrazine  in  order  to  produce  rapid 
hfemolysis  ;  after  six  days  the  liver  contained  55  per  cent  of  the 
radioactive  iron,  and  some  of  this  was  present  as  ferritin. 

Hahn  (1948)  has  discussed  the  interesting  possibility  \hat  ferri¬ 
tin  may  be  identical  with  hcemosiderin.  The  latter  pigment  is 
found  in  large  (piantities  in  the  macrophage-lymphoid  system  in 
diseases  involving  massive  blood  destruction,  or  following  repeated 
blood  transfusions,  especially  in  ])atients  with  decreased  luemo- 


poietic  function,  e.g.  aplastic  or  pernicious  amemias  ;  it  is  also 
found  in  large  amounts  in  the  tissues  of  {)atients  wdth  lucmo- 
ehromatosis.  Its  presence  is  associated  with  the  familiar  Prussian 
blue  reaction  for  the  presence  of  iron  in  the  tissues.  It  has  been 
g(‘nerally  held  that  Inemosiderin  is  an  iron-globin  complex,  and 
Hahn  suggests  that  ferritin  has  a  similar  structure  ;  it  is  of  course 
true  that  apoferritin  has  a  molecular  weight  of  460, 000  whereas 
that  of  globin  is  only  68,000,  but  the  former  may  be  formed  from 
the  latter  by  aggregation.  Both  ferritin  and  luemosiderin  can  be 
fornied  in  the  lymiihoid-macrophagc  system  under  the  same 
conditions  and  from  similar  starting  materials.  I  hemosiderin  is 
furthermore  available  for  haanoglobin  production  in  dogs  with 
^pcTimental  anamiia,  and  Hahn  suggests  that  hfcmochromatosis 
might  be  treated  by  repeated  bleeding  to  induce  an  amemia 
Gianick  (1949)  has  reviewed  the  (luestion  of  iron  metabolism 
in  humockromotosis.  The  fundamental  abnormality  in  this  disease 
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a})pears  to  be  excessive  absorption  of  iron  from  the  gnt,  i)erluij)s 
due  to  a  greater  reducing  power  of  the  mucosal  cells  which  form 
more  ferrous  iron  than  usual.  The  serum  iron  level  is  raised. 

It  is  interesting  to  note  the  differences  in  availability  for  lia  nio- 
globin  formation  of  the  dilfcrent  forms  of  iron.  Iron  liberated  by 
ba-molysis  is  immediately  used  again  to  re-form  ha'inoglohin. 
in  preference  to  the  available  reserves  (C'ruz  ct  al.,  Ih-t2),  and  iron 
salts,  given  by"  mouth  or  by  injection,  are  probably  as  readily 
useel  for  the  same  ])^irpose  (Dubach  et  al..  1946).  It  has  been 
suggested  by  Cireenberg  and  Wintrobe  (1946)  that  these  two 
forms  of  iron  represent  a  “labile  iron  pool”  on  which  the  first 
calls  are  made  for  Inemoglobin  formation,  and  that  the  iron 
reserves  are  not  drawn  upon  until  the  pool  runs  dry.  There  is, 
however,  still  much  to  be  learnt  about  the  faetors  eoneerned  with 
the  different  forms  of  stored  iron,  the  meehanisms  of  uptake  and 
removal,  and  the  maintenance  of  the  serum  iron  level. 

It  is  perhaps  worth  recalling  the  work  of  Brock  and  lluntei 
(1987).  and  Fowler  and  Barer  (1987).  who  studied  iron  balances  in 
patients  with  hypochromic  amemia  who  received  large  therai)cutie 
doses  of  ferric  ammonium  citrate  or  ferrous  carbonate  by  mouth. 
With  the  former  eom])ovmd,  80-85  per  cent  was  retained  in  the 
body,  but  only  2  per  cent  was  transformed  into  hiemoglobin. 
Thus  large  amounts  of  iron  were  stored  in  some  form  not  available 
for  hamioglobin  formation.  It  is  not  quite  clear  how  this  older 
work  is  to  be  correlated  with  recent  investigations  on  radioactive 
iron,  but  the  high  percentage  utilization  of  the  latter  (given  by 
mouth)  may  be  due  partly  to  the  fact  that  very  much  smaller 

doses  have  been  given. 


Excretion  of  Iron 

\s  previously  emphasized,  iron  excretion  is  very  small  aiul  m- 
signilicant.  Urinary  exeretion  may  amount  to  ().a  "y-  ; 

biliarv  excretion  ((>.(1-0. «  mg.)  also  oeeurs  hut  some  ol  this 
may  he  reabsorbed.  In  women  menstrual  blood  loss 
in  an  iron  loss  of  10-b'  mg.  each  month,  or  say  ‘  ,  ? 

and  utilization  is  about  KUU-'  per  cent  ol  the  intake  (Hahn.  .  ■ 
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However  our  previous  ideas  on  iron  nietabolistn  will  have  to  be 
revised  if  the  work  of  Mitehell  and  Hamilton  (1949)  is  confirmed. 
They  have  found  that  sweat  contains  1-2  mg.  of  iron/litre,  a  level 
which,  under  appropriate  climatic  conditions,  could  constitute 
as  serious  an  iron  loss  as  menstrual  bleeding. 

Hsemorrhage  and  Iron  Deficiency  Anaemia 

After  severe  blood  loss  (hiring  a  short  period  of  time,  the  iron 
reserves  of  the  body  are  adequate  to  re-form  about  1/3  of  the  total 
ha-moglobin,  though  iron  therapy  will  of  course  hasten  recovery. 
With  chronic  hn  morrhage  the  iron  reserves  will  be  used  up,  and 
since  (lornial  blood  contains  50  (ng.  oj  /ro/^/lOO  ml.  the  iron  loss 
from  the  body  will  be  very  serious.  In  these  circumstances  it 
would  be  very  dillicult  to  increase  dietary  iron  absorption  to  as 
mueh  as  20  mg.  daily,  and  since  up  to  50  mg.  daily  may  be  re(paired 
for  maximal  regeneration,  iron  therapy  is  essential  for  recovery. 
In  many  eases  of  iron  deficiency  anamiia,  whether  due  to  lucmor- 
rhage  or  other  eauses,  the  total  additional  iron  reajuircd  to  restore 
the  normal  luemoglobin  level  is  of  the  order  of  1  G.  or  more  ; 
this  is  readily  provided  by  administration  of  the  usual  iron  salts, 
e.g.  ferrous  sulphate  or  ferric  ammonium  citrate.  It  may  be 
useful  to  remember  that  1  G.  (f  hivmoglobin  contains  3.34  mg.  <f 
iron,  and  that  about  25  mg.  (f  iron  are  rerpiired  to  increase  the  hanno- 
globin  concentration  by  1  j)er  cent.  The  doses  recpiired  may  be 
calculated  from  Table  11  from  Witts  (1930). 


Tahlk  11 

Iron  content  and  utilization  of  the  average  ejfective  dose  of  various 
Therapeatic  Preparations  {Witts,  1930). 


Preparation 

Iron  content  of 
average  dose 

Per  cent 
utilization 

Ferrous  chloride  . 

Ferrous  sulphate  . 

Ferrous  carbonate 
(Blaud’s  Pill) 

Ferric  chloride 

Ferric  citrate 

Iron  and  anmioniuni  citrate 

100  200  mg. 

180  mg. 
300-400  mg, 

400  mg. 

400  mg. 
800-1,000  mg. 

1 2 . 5-25 

14 

0-8 

0 

0 

1 . 5-3 
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Infection  and  Iron  Metabolism 

It  is  very  well  recognized  that  infections  and  inllammatory 
states  may  be  associated  with  antemia.  The  mechanisms  involved 
in  the  production  of  this  amemia  have  recently  been  studied  by  a 
number  of  workers.  Hahn  et  al.  (1940)  produced  turpentine 
abscesses  in  dogs  and  showed,  by  oral  administration  of  radioactive 
iron,  that  absorption  was  reduced  by  this  inllanunation  from  the 
normal  range  of  18-41  per  cent  to  4-5  per  cent  of  the  total  amount 
given.  Wintrobe  et  al.  (1947)  showed  in  pigs  infected  with  Staphij- 
lococcus  aureus  or  Escherichia  coli,  that  there  was  no  increase  in  the 
rate  of  hicmoglobin  destruction,  but  that  hannoglobin  production 
was  impaired.  Greenberg  et  al.  (1947)  injected  radioactive  iron 
into  normal  rats  and  into  rats  in  which  abscesses  had  been  produced 
bv  turpentine.  They  noted  reduced  ha?mopoiesis,  and  increased 
de])Osition  of  iron  in  the  liver  and  spleen  ;  there  was  no  significant 
diversion  of  iron  to  the  inflamed  tissues.  Greenberg  et  al.  (1947) 
injected  intravenous  ferrous  ascorbate  into  man,  and  showed  that 
in  the  presence  of  infection  the  iron  was  lost  from  the  plasma  more 
rapidly  than  normal,  and  even  when  the  plasma  iron  was  raised 
to  the  levels  which  could  be  produced  in  normal  subjects,  hicmo¬ 
globin  formation  did  not  occur.  Cartwright  and  Wintrobe  (1949) 
measured  the  total  iron-binding  capacity  of  the  seium  in  normal 
individuals  and  in  patients  with  chronic  infections.  Their  normal 
value  was  359  pg.  of  iron/lOO  ml.  serum.  In  infection,  the  values 
were  mostly  between  100  and  200  pg.  of  iron  100  ml.  serum,  and 
the  percentage  saturation  of  iron-binding  protein  had  fallen  from 
the  normal  level  of  35  per  cent  to  less  than  20  per  cent.  Thus  the 
ana?mia  of  infection  seems  to  be  due  to  . 


(i)  Reduced  absorption  of  iron  from  the  gut. 

(ii)  Diminished ,  serum  iron-binding  capacity,  and  reduced 

serum  iron  level. 

(iii)  Diminished  capacity  for  hfcmoglobin  synthesis. 

Finch  et  al  (1949)  have  studied  the  utilization  of  intravenously 
injected  radioactive  iron  in  various  human  infections.  In  normal 
subjects  80  per  cent  of  the  injected  dose  of  1  mg.  of  ferric  ai 
monium  citrate  was  incorporated  m  hamioglobin  within  -  • 
weeks.  In  patients  with  infections  the  figure  was  f^’.^que  b 
reduced  to  less  than  50  per  cent,  and  m  one  patient  Avith  < 

pneumonia  the  utilization  was  only  14  per  cent. 


I  NT  R  A  VENOVS  IRON 
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Intravenous  Iron 

The  desirability  of  suitable  iron  preparations  for  parenteral 
administration  has  frequently  been  expressed,  since  some  patients 
with  hypochromic  anaemia  cannot  be  satisfactorily  treated  with 
the  usual  preparations  given  by  mouth.  A  significant  proportion 
of  people  suffer  gastro-intestinal  ujisets  wdth  orally  administered 
iron,  and  others  fail  to  absorb  iron  given  by  this  route.  Heath  et  al. 
(1932)  found  tliat  i?i  man  })arcnteral  iron  was  about  100  per  cent 
utilized  for  htemoglobin  formation,  and  that  32  mg.  of  ferric 
ammonium  citrate  by  subcutaneous  or  intramuscular  injection 
was  equivalent  to  about  1,000  mg.  lyv  mouth.  The  dillicuity  has 
of  course  been  the  toxicity  of  the  preparations  used.  Heath  et  al. 
(1932),  for  example,  reported  severe  pain  at  the  site  of  injection 
for  24  hours,  and  general  reactions  such  as  Hushing  of  the  skin, 
palpitations,  and  nausea,  vomiting  and  diarrhoea,  and  central 


nervous  depression.  Intravenous  injection  of  some  preparations 
has  produced  embolic  phenomena,  presumably  from  precipitation 
of  the  iron  compound,  or  from  flocculation  of  plasma  proteins,  in 
the  blood  stream.  After  intravenous  injection  of  iron  preparations 
the  iron  in  excess  of  that  which  can  be  bound  by  the  plasma  ^ 
globulin,  vvill  rapidly  leave  the  blood  stream  and  become  part  of 
the  labile  iron  pool.  This  unbound  iron  is  probably  responsible 
for  the  general  reactions  which  follow  intravenous  injection  of 
some  iron  preparations. 

Attempts  have  been  made  in  recent  years  to  find  new  iron 
preparations  for  parenteral  administration.  For  example,  Ruskin 
and  Katz  (1936)  tried  ferrous  adenylate.  Little  et  al.  (1945) 
gave  ferrous  ascorbate  intravenously,  Hahn  (1946)  introduced 
a  colloida  ferrous  iron  preparation  and  Goetseh  et  al.  (1946) 
tried  colloidal  ferric  hydroxide  by  intravenous  injection 

of"thc’rtoxioi'r“  'l''"  mainly  bw-ause 

important  advance  in  tliis  field  was 

‘nr,  rrr;";;;,  -rr 

s^rtlrr"'  “"'Pletely  utiirdrL"bin 
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Preparation  and  Standardization  of  Saccharated  Iron  Oxide 

for  Intravenous  Injection 

Nissini  and  Robson  (1949)  have  given  a  detailed  aeeount  of  tlie 
method  of  preparation  of  saceharated  iron  oxide  for  intravenous 
administration.  The  essential  chemical  reaction  is  the  interaction 
of  ferric  hydroxide  with  sucrose  in  the  presence  of  sodium 
hydroxide  to  produce  iron  sucrate  (saceharated  iron  oxide). 
However,  the  reaction  is  very  variable,  depending  largely  on  the 
properties  of  the  ferric  hydroxide,  and  some  samples  of  iron 
sucrate  may  be  only  partially  soluble  in  water.  Nissim  and  Robson 
found  that  the  best  procedure  is  to  add  ferric  chloride  to  sodium 
carbonate  which  react  according  to  the  equations 


(i) 


2FeCl,  +  .‘3NaoCO 
(ii)  Fe2(C03)3 


6H2O 


- ^  6NaCl  ^  Fe2(C'03)3 

- ^  2Fe(OH)3  -  3H2CO3 


The  most  soluble  iron  sucrate  is  produced  when  the  ferric  hyd¬ 
roxide  is  dissolved  in  excess  ferric  chloride  and  then  reprecipitated 
with  sodium  carbonate.  The  sodium  chloride  is  then  removed  by 
washing  with  distilled  water,  and  after  decanting,  sucrose  and 
sodium  hydroxide  are  added  (pH  about  11.7).  The^mixtuie  is 
then  heated  in  a  Hat  porcelain  dish  in  an  oven  at  130°C.  and  the 
saccharated  hydroxide  gradually  dissolves  to  an  almost  black 
solution.  This  is  evaporated  to  dryness  and  the  iron  sucrate 
dissolved  in  distilled  water  to  give  a  solution  containing  2  per  cent 
elemental  iron,  which  is  filtered  and  sterilized  by  autoclaving  at 
115-11G°C.  for  half  an  hour.  The  original  paper  must  be  consulted 
for  details  of  this  method  of  preparation,  and  for  a  discussion  of  the 
many  variables  which  may  influence  the  nature  of  the  final  product. 

Nissim  and  Robson  (1949)  have  shown  that  saceharated  1101 
oxide  preparations  must  be  standardized  biolopeally  by  toxici 
tests  in  mice.  sample  which  luul  been  sucecsstully  used  clmicallv 
was  eliosen  as  the  standard  ;  its  LD51I  on  intravenous  mjeetion 
as  18(i  mg.  of  iron  per  kg.  body  weiglit.  The  best  sample  prepared 
n  Niss  .?and  Uol/son  hid  an  I.D50  of  300  mg./kg.  m  mice,  a,  d 
p  toTdo  mg.  of  such  samples  were  given  i'd™venonsly  m  n 
vith  no  toxic  ellects.  Studies  of  the  toxicity  of  »»c<d.ara ted 
-•  1^  ,niee  revealed  no  evidence  of  any  cause  of  death  apart 
from  precipitation  of  iron  in  the  lungs,  intestine,  liver,  kidney  am 

heart. 


SACCIIAIiATED  UiOS  OXIDE  '2H:i 

'Flic  (lark  colour  of  saccharatcd  iron  oxide  solutions  inak(‘s  it 
impossible  to  test  the  intravenous  location  of  the  needle  tip  by  tbe 
usual  proeedure  of  withdrawing  blood  by  suction  with  the  piston 
of  the  syringe.  On  the  other  hand  the  colour  soon  reveals  the 
presence  of  peri-venously  injeeted  solution. 


Effects  of  Intravenous  Saccharated  Iron  Oxide 

in  Anaemia 


Xissiin’s  first  report  was  mainly  concerned  with  the  demonstra¬ 
tion  that  iron-suerose  solutions  were  well  tolerated  on  intravenous 
injeetion,  but  he  reeorded  large  increases  in  ha'inoglobin  levels  in 
two  patients  after  infusions  of  500  mg.  of  iron.  Nissim  and  Kobson 
(104^0)  have  reported  dramatie  responses  after  :i00  mg.  of  iron  in 
their  new  preparation  in  patients  with  hypoehromic  amcmia  wlio 
were  refractory  to  oral  iron.  Slack  and  ^Vilkinson  (1949)  have  given 
intravenous  iron-sucrose  to  00  patients  with'  iron-deficiency 
amcmia  (10  refractory  to  oral  iron)  and  reported  very  striking 
elinieal  and  lucmatologieal  responses.  They  usually  gave  initial 
doses  of  25  mg.  of  iron  daily,  and  then  gradually  inereased  these 


up  to  200  mg.  daily  or  twiee  daily,  and  noted  praetically  no  loeal 
or  general  reaetions  (.900  mg.  ot  iron  in  their  preparation  did  pro- 
duee  some  reaetions).  They  eonfirmed  j)re\  ious  findings  that  injected 
iron  IS  nearly  100  per  cent  utilized  for  lucmoglobin  formation,  but 
patients  ^\ith  chronie  infeetion  reijuirc'd  much  larger  doses  tlian 
the  others  to  raise  the  ha'inoglobin  level  to  normal,  (iovan  and 
Scott  (1949)  administered  the  jireparation  Ferrivenin  to  25 
aiucmic  pregnant  women,  and  reeorded  rapid  increases  in  luemo- 
globin  eoneentration,  e.g.  8  per  cent  in  one  week  ;  oral  iron  is  too 
slow  in  action,  is  frccpiently  not  tolerated,  and  is  sometimes 
inefFective  in  such  cases.  Sinclair  and  Duthie  (1949)  have  des¬ 
cribed  the  results  of  intravenous  iron  therajiv  in  jiatients  with 
liypochroimc  amcmia  associated  with  rheumatoid  arthritis  who 
did  not  respond  to  iron  by  mouth.  They  noted  good  responses  to 
•errivenin  in  those  patients  who  had  a  low  erythroevte  sedinienta- 

1  higriLs  IT  i'^d>n)vcment  in  those  who  had 

Ldobhrir^r'TrT'  ^’^^verted  to  ha-mo- 

k  ^111  It  should  be  possible  to  calculate  the  amount  of  iron 

•pined  to  raise  the  ha'inoglobin  concentration  to  normal- 
mg.  o  e  cmental  iron  should  increase  the  blood  hamoglohii’i 
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by  0  ,55  G./lOO  ml.  (4  per  cent  on  the  Haldane  scale),  but  in 
chronic  iron-deficiency  amemia  the  iron  reserves  arc  depleted  to 
an  unknown  degree.  Slack  and  Wilkinson  (1949)  suggest  that 
50  per  cent  should  be  added  to  the  ealculated  iron  requirement 
in  order  to  raise  the  reserve  iron  to  normal. 

The  toxic  ejfects  which  result  from  the  administration  of  undulv 


Showing  the  effect  of  intravenous  injeetions  ot  saeeharii^ted  no 
oxide  on  Incnioglobin  formation.  The  patient  was  a  girl  of  1 J  vit 
hvpoehroniie  aiueinia  who  failed  to  improve  on  oral  iron.  I  u 
srLh  shows  the  actual  and  theoretical  responses  to  the  "ructions. 
The  patient  maintained  her  improvement  for  8  months  (after  wind 

she  no  longer  attended  hospital). 


285 


FOLIC  ACID 

larfTC  (loses  of  saceharated  iron  oxide  arc  those  of  -multiple  em¬ 
bolism  in  the  pulmonary  and  systemic  ciroidation.  They  include 
rip'ors,  collapse  with  iall  in  blood  ])ressurc,  tachycardia,  dyspncia 
and  cyanosis,  pleuritic  and  low  back  pain,  abdominal  pain  with 
diarrha'a,  etc.  Subsccpiently  pyrexia  may  develop.  The  threshold 
’at  wliich  such  symptoms  occur  depends  on  the  actual  preparation 
used.  With  Ferrivenin,  and  with  Slack  and  ilkinson’s  prepara¬ 
tion,  the  upper  safe  limit  seems  to  be  200  mg.  Fe  per  injection 
(Slack  and  Wilkinson.  1040).  ^Vith  the  best  sanijiles  reported  by 
Xissim  and  IJobson  (1040)  doses  of  300  mg.  Fe  appear  to  be 
completely  free  from  reactions. 

With  certain  sam|)les,  impurities  in  dhe  sugar  of  saceharated 
iron  oxide  appear  to  be  responsible  for  a  toxic  reaction  of  a  different 
category  characterized  ehieny  by  rapid  onset,  transient  duration 
and  freedom  from  secpiela'.  This  reaction  is.  however,  very  un- 
jdeasant  to  the  patient  who  experiences  severe  pain  in  the  back 
and  in  the  chest  and  arms  which  is  similar  in  character  and 
distribution  to  the  pain  of  angina.  The  best  samples  of  saceharated 
iron  oxide  prepared  with  Analar  sucrose  appear  to  be  free  from  such 
reactions. 


Pteroylglutamic  Acid  (Folic  Acid) 


f  ^C0-^N8  — 


NH 


H 

C— CH,— CHo-COOH 

I 

COOH 


PABA  group  Glutamic  Acid  group 


Pteroic  Acid 
Pteroylglutamic  Acid  (Folic  Acid) 

Pteroylglutamic  acid  is  a  recently  identified  constituent  of  the 
Mtamin  B  group,  which  occurs  naturally,  chiefly  as  conjugates,  in 
such  food  sources  as  yeast,  liver,  kidney,  milk,  grasses  and  creen 
a\es.  Its  isolation  by  Mitchell  et  al.  (1941)  from  spinach  and 
other  green  leaves  led  to  the  name  “Folic  Acid,”  but  the  term 
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pteroylglutamic*  acid  (P(iA)  is  more  satisfactory  as  it  is  chemically 
descriptive.  Folic  acid  antagonists  are  discussed  in  Chap.  1.5. 


Conjugates  of  PGA 

Pteroyltriglutamic  acid  (PT(ilA)  and  Ptcroylheptagluianiic  acid 
(PIIGA)  are  formed  by  the  attachment  in  peptide  linkage  of  *2 
and  6  glutamic  acid  residues  respectively  to  the  glutamic  acid 
radical  of  PGA. 

.Jukes  and  Stokstad  (1948)  have  reviewed  the  many  convergent 
lines  of  experimental  work  in  this  held.  Firstly,  it  has  been  shown 
that  PGA  is  essential  for  the  growth  of  certain  bacteria,  e.g. 
Streptococcus  lactis  R.  and  Lactobacillus  casei :  secondly,  it  has  been 
found  to  be  necessary  for  certain  actions  in  different  species  of 
animals.  For  example,  it  is  almost  certainly  identical  with  vitamin 
M,  which  is  effective  against  a  macrocytic  hyperchromic  anicniia 
with  leucopenia  and  granulocytopenia,  produced  experimentally 
in  rhesus  monkeys,  and  also  with  vitamin  B^,  which  prevents 
nutritional  anamiia  in  chicks.  In  rats,  P(iA  is  apparently  tonned 
in  adccpiate  cpiantitics  by  bacterial  action  in  the  intestine,  and 
sterilization  of  the  alimentary  tract  by  administration  of  succinyl- 
sid])hathiazole  or  sulphaguanidinc  leads  to  leucopenia,  agranulo¬ 
cytosis,  aplastic  amemia  and  thrombocytopenia,  all  of  which  are 
corrected  by  administration  ot  l^tfA. 

It  is  of  interest  that  p-aminobenzoic  acid  functions  as  a  pre¬ 
cursor  of  PGA  in  the  nutrition  of  certain  bacteria,  and  that  the 


bacteriostatic  action  of  the  sulphonamides  in  such  organisms  may 
be  due  to  inhibition  of  the  enzyme  system  which  synthesizes 
PGA  from  p-aminobcnzoic  acid  (sec  t'hap.  15). 

It  has  in  addition  been  found  that  thymine  is  an  effective 
substitute  for  PCrA  in  promoting  growth  of  Lactobacillus  casei 
and  Streptococcus  lactis  R. 


Pteroylglutamic  Acid  in  Pernicious  Anjemia 
The  actions  of  svnthetic  P(iA  in  pernicious  amvmia  were 
reportcl  first  in  America  by  Vilter  et  al.  (l!ib>)  anil  l,y  Moore  et  <i . 
(194.5).  The  position  has  been  reviewed  by  Davidson  (1948)  aiu  >. 
Wilkinson  (1948),  who  summarize  the  facts  as  follows 
(1)  PGA,  whether  givxm  by  mouth  (usually  l()-‘2()  mg. 
or  as  the  disodium  phosphate  salt  parcntcrally, 
reticulocytosis  within  5-10  days,  but  it  is  generally  agreed  tha 
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peak  response  is  less  than  witli  potent  liver  extracts  (llaclcn, 
1948  ;  Clark,  1948). 

(2)  The  megaloblastie  sternal  bone  marrow  is  ra])idly  converted 
to  a  normoblastic  one,  this  change  always  being  complete  before 
the  maximal  reticulocyte  response  occurs. 

(3)  The  inereases  in  blood  lucmoglobin  concentration  and  red 
cell  count  are  comparable  in  rate  and  completeness  to  those  which 
follow  the  administration  of  liver  extract  (Fig.  33).  but  subse- 
(piently  the  values  may  not  be  so  well  maintained,  and  slight 


Fig.  33 

Response  of  patient  with  pernicious  ana'inia  to  folic  acid. 

(After  Spies,  1947.) 


macrocytosis  may  be  observed.  White  cell  and  platelet  counts  also 
increase. 

(i)  Clinical  syiiiptonis  im|)rove  rapidly  after  PCA  in  iniicli  the 
same  way,  and  at  the  same  rate,  as  with  liver  extract  or  lion’s 

ret  enlocyte  peak  occurs,  and  improvement  in  alimentary  svinii- 
tonis  soon  follo^,  though  glossitis  may  he  less  affected  tl  an'wi  h 

LTeverpt^isf  ^>-"n.tonis. 
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PGA  and  Neurological  Complications  of 
Pernicious  Anaemia 

A  most  important  aspect  of  the  action  of  PGA  in  pernicious 
anaemia,  from  both  the  theoretical  and  practical  viewpoints,  is 
tlie  absence  of  effect  on  the  neurological  complications  of  this 
disease.  It  has  become  abundantly  clear  that  peripheral  neuritis 
and  subacute  combined  degeneration  of  the  spinal  cord  are  not 
improved  by  PGA,  and  further,  that  these  complications  may 
actually  arise  in  patients  being  treated  with  this  substance,  even 
after  a  good  hicmatological  response  has  been  produced  (Spies  and 
Stone,  1947).  Wilkinson  and  Israels  (1947)  added  figures  recorded 
from  the  literature  to  their  own,  and  showed  that  of  180  patients 
with  pernicious  amemia,  treated  with  PGA,  60  developed  severe 
neurological  complications,  which  subsequently  imjiroved  after 
treatment  with  liver  extract  or  hog’s  stomach.  It  has  been 
suggested  that  PGA  might  produce  damage  to  the  central  nervous 
system,  but  this  seems  most  unlikely  since  such  involvement  does 
not  occur  when  other  types  of  macrocytic  amemia  are  treated  with 
this  substanc^. 

These  findings  make  it  clear  that  PGA  should  never  be  used 
alone  in  the  treatment  of  pernicious  anaemia,  though  Dameshek 
(1948)  thinks  it  may  be  of  value  as  an  adjuvant  to  liver  therapy. 


Other  Considerations  About  PGA  in  Pernicious  Anaemia 

(1)  PGA  is  not  the  extrinsic  factor  of  Castle  since  it  is  active 
without  pre-digestion  with  gastric  juice,  and  is  effective  on 
injection. 

(2)  PGA  is  not  ha;mopoietin  (Castle’s  intrinsic  factor)  which 
is  readily  destroyed  by  heat. 

(3)  ikiA  is  clcarlv  not  the  active  principle  present  in  liver 
extracts  since  the  effective  daily  dose  of  PGA  is  10-20  mg.  while 
the  daily  reiiuirement  of  a  potent  liver  extract  contains  only 
0.02-3.7  /ig.  of  PGA  (Clark,  1945). 

4n  interesting  point  concerning  the  mode  of  action  o* 
extract  lias  been  raised  by  the  work  of  Heinle  H  at.  (1M7)  and 
liethell  H  al.  (19t7)  on  conjugated  PGA.  They  found  t 
normal  persons  parenteral  administration  of  l>t“o>-"' " 
acid  fPIIGA)  produced  a  considerable  excretion  of  PGA  i 
urine,  whereas  in  patients  with  pernicious  aniemia  there  iras  i 
such  response.  However  in  three  patients  with  permeious  aniemm, 
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who  were  well  eontrolled  by  liver  therapy,  PHGA  administration 
produced  the  same  increase  in  urinary  excretion  of  PCiA  as  seen 
in  normal  subjects.  These  authors  suggested  that  th®  anti- 
ana'mic  liver  principle  might  act  as  a  conjugase,  splitting  <> 

form  PGA,  which  could  then  act  on  the  bone  marrow  to  stimulate 
normal  erythropoiesis.  This  obviously  cannot  be  the  whole  story, 
but  it  is  interesting  to  note  that  PGA  is  present  in  foods  con¬ 
taining  the  vitamin  B  complex  in  the  conjugated  form  (1  IIGA). 

It  should,  however,  be  added  that  Wilkinson  and  Israels  (1949) 
recorded  different  results  when  they  administered  two  synthetic 
folic  acid  conjugates,  pteroyl-y-triglutamic  acid  (teropterin)  and 
pteroyl-a-diglutamic  acid  (diopterin)  to  patients  w'ith  pernicious 
anaunia.  When  given  by  intramuscular  or  intravenous  injection 
in  doses  of  40-100  mg.  daily,  these  substances  produced  the  same 
kind  of  response  as  occurs  with  PCiA  alone.  These  authors,  there¬ 
fore,  suggest  that  folic  acid  conjugates  are  split  normally  by 
patients  with  pernicious  anaemia,  and  they  consider  that  previous 
failures  to  demonstrate  such  an  action  w’erc  due  to  the  use  of  too 
small  doses  of  conjugates,  and  to  the  presence  of  conjugase 
inhibitors  in  the  concentrates  employed. 


Pig.  34 

Rcsp(mse  of  patient  with  nutritional  macrocytic  aniemia  to  folic  acid. 

(After  Spies,  1947.) 


pharmacology 
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PGA  in  Other  Anaemias 

It  may  be  stated  generally  that  PGA  is  effeetive  only  in  the 
treatment  of  macroeytic  ansemias  with  some  megaloblastie  ehange 
in  the  bone  marrow.  These  conditions  include  : — 

(i)  Nutritional  Macrocytic  Antemia.  Spies  et  al.  (1948)  observed 
satisfactory  clinical  and  haemopoietic  responses  with  PGA  in  32 
patients  with  this  type  of  anaemia  (see  Fig.  34). 

(m)  Liver-refractory  Macrocytic  Ancemias.  Davidson  (1948)  has 
reported  excellent  therapeutic  effects  with  PGA  in  25  cases  of 
idiopathic  liver-refractory  megaloblastic  anaemia ;  proteolysed 
liver  was  also  effective,  partly  owing  to  its  content  of  PGA. 

(in)  Sprue.  In  tropical  sprue  Lopez  et  al.  (1946)  reported 
excellent  haematological  responses  with  PGA,  but  it  is  probable 
that  their  patients  were  also  suffering  from  a  direct  nutritional 
deficiency  leading  to  a  megaloblastic  bone-marrow.  Of  ten  patients 
with  the  sprue  sjmdrome  seen  in  Edinburgh  by  Davidson  et  al. 
(1947)  only  one  showed  a  haematological  response  to  PGA,  and  this 
case  was  also  the  only  one  with  a  megaloblastic  bone-marrow. 

It  is  interesting  that  in  tropical  sprue  and  in  idiopathic  steator- 
rhoea,  PGA  controlled  diarrhoea  and  produced  clinical  improve¬ 
ment,  whatever  the  hfcmatological  effect.  PGA  did  not  improve 
fat  absorption  (Davidson  et  al.,  1947). 

Blood  Diseases  Which  Do  Not  Respond  to  PGA 

PGA  has  no  beneficial  effects  in  hypochromic  microcytic 
anemias,  Inemolytic  anaemias,  refractory  megalocytic  anaemias 
with  normoblastic  marrows,  acute  and  chronic  leukccmias  of  all 
types,  aplastic  or  hypoplastic  anaemias,  agranulocytosis,  neutro¬ 
penias  or  thrombocytopenic  purpura  (W  ilkinson,  1948). 


Thymine 

N  - C - OH 
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no — c 
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Thymine  (5-methyl  uracil) 
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Spies  et  al  (194G)  found  that  thymine  in  daily  dosage  of  4.5- 
10  G.  produced  a  reticuloovtosis  and  increases  in  lisemoglobin  and 
red  cell  count  in  three  patients  with  pernicious  anaemia,  and  I.opez 
et  al.  (1948)  descriljed  its  effectiveness  in  tropical  sprue. 

Like  P(L\  it  had  no  effect  on  the  neurological  complications  of 
pernicious  aiucmia  (S|)ies  and  Stone,  1947). 

Comparisons  of  Thymine,  PGA,  and  Vitamin 

Spies  et  al.  (1948)  studied  the  comparative  effectiveness  of 
thymine,  PGA  and  vitamin  Bja  in  nutritional  macrocytic  amTinia, 
tro{)ical  sprue  and  pernicious  ainemia.  They  established  the 
following  approximately  ccpiivalcnt  doses  for  these  compounds  : — 

Thymine  (J  —  10  Ci.  orally 

=  10  mg.  PGA  orally  =  (3  —  23  /^g.  vitamin  B12 

intramuscularly. 


Vitamin  Bjg 

During  the  j)ast  twenty  years  much  work  has  been  done  in  the 
search  for  the  liver  substance  active  in  pernicious  anaemia,  and 
recently  a  most  important  advance  has  been  made  (see  review  »>.V 
Smith;  1949).  Hickes  et  al.  (1948)  in  America,  and  Lester  Smith 


(1948)  in  this  country,  almost  simultaneously  announced  the  isola¬ 
tion  from  liver  of  an  extremely  ))otent  red  pigment,  which  the 
former  workers  were  the  first  to  prepare  as  small  crystalline  red 
needles.  In  their  study  of  the  activity  of  various  liver  fractions 
Uickes  et  al.  (1948)  used  a  test  devised  by  Shorb  (1948),  who  found 
that  the  micro-organism  Lactobacillus  lactis  Doriier  reipiires  for  its 
giowth  a  substance  apparently  identical  with  the  anti-anccmic  sub- 
stmice  of  liver.  The  red  crystalline  material,  which  was  named 

vitamin  ’  was  many  thousands  of  times  as  active  as  a  standard 
hver  concentrate  in  promoting  the  growth  of  the  lactobacillus,  and 
preliminary  clinical  studies  liy  West  (1948)  showed  that  as  little 
as  3  G  /ig.  of  the  substance  produced  rcticulocvtosis  in  patients 
vvitli  pernicious  ainxmiia.  Rickes  et  al.  (1948)  stated  that  1  of 
yitamin  was  equivalent  in  activity  to  1  U.S.P.  injectable  unit 
(which  IS  the  daily  amount  of  liver  extract  required  to  produce  a 
satisfactory  clinical  and  lijematological  response)  and  suggested 

la  ^  of  vitamin  B^g  would  probably  be  required  to 

{iroduce  a  remission  in  pernicious  amcmia. 
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Studies  on  the  chemistry  of  vitamin  liave  been  reported  l)v 
Lester  Smith  (1948)  and  by  Rickes  ct  al.  (1948).  The  first 
interesting  finding  was  the  demonstration  of  the  presenee  in 
the  crystals  of  4  per  cent  cobalt,  which  is  probably  responsible 
for  the  red  colour.  If  each  molecule  of  vitamin  Bjg  contains  1 
atom  of  cobalt  the  molecular  weight  is  about  1,500.  Rickes  et  al. 
(1948),  from  emission  spcetrographie  analysis,  have  shown  that 
there  are  six  groups  about  the  cobalt  atom.  Other  constituents 
of  the  molecule  include  glutamic  acid,  and  three  atoms  of  phos¬ 
phorus.  Holliday  and  Petrow  (1949)  have  obtained  evidence  which 
suggests  that  vitamin  B^g  may  he  regarded  as  a  5  :  0-dimcthyl- 
benziminazole  derivative,  and  Phlis  ct  al.  (1949)  suggest  that 
vitamin  B^g  also  contains  2-aminopropanol. 

The  role  of  cobalt  in  erythropoiesis  is  dillicult  to  evaluate  (see 
review  by  Cartwright,  1947).  In  cattle  and  sheep  a  delicieney  of 
cobalt  in  the  diet  may  produce  a  normoeytie  hypochromic  anannia, 
and  in  a  number  of  other  animal  species  addition  of  small  amounts 
of  cobalt  to  the  diet  produces  a  true  j)olycvtluemia  with  hyper¬ 
plasia  of  the  bone  marrow,  which  may  be  counteracted  by 
administration  of  whole  liver  or  liver  extract.  Large  amounts  of 
cobalt  depress  crythro{)oiesis.  It  is  not  known  what  is  the  recjuirc- 
ment  for  cobalt  in  man  (the  diet  contains  about  199  y.g.  of  cobalt 
daily)  and  this  metal  has  not  been  found  effective  in  tlic  treatment 
of  aiucmia.  Rickes  ct  al.  (1948)  found  that  the  cobaltous  ion 
in  relatively  high  concentrations  had  no  effect  on  the  growth  of 
Lactobacillus  lactis  Dorner,  and  West  and  Reisner  (1949)  found  that 
159  /ag.  of  cobaltous  chloride  daily  was  ineffective  in  a  patient  with 
pernicious  amemia.  Robinson  ct  al.  (1949)  observed  a  small 
increase  in  erythropoiesis  after  administration  of  cobalt  to  patients 
with  aiucmia  due  to  chronic  sejisis  or  neoplasms,  but  they  obtained 
no  resjionse  in  patients  with  pernicious  aiucmia,  even  when 
cobaltous  chloride  was  previously  incubated  with  normal  gastric 
juice.  The  significance  of  the  presence  of  eobalt  m  vitamin  Ihg 
remains  to  be  assessed. 


Production  of  Vitamin  B12  by  Streptomyces  Griseus 

Rickes  et  al.  (1948)  have  recorded  the  most  interesting  finding 
that  Streptomyces  griseus,  the  organism  which  produces  strepto¬ 
mycin,  also  produces  vitamin  B^^,  wliich  ehemical,  physieal  an 
biological  tests  showed  to  be  identical  with  the  vitamin  12 


293 


PliODVCriON  OF  VITAMIN  B 


12 


isolated  from  liver  eoncentrates ;  its  clinical  effectiveness  in 
pernieions  amemia  has  also  been  established  (Erf  and  Wimer, 
lO^O  ;  Dunlop  and  \Vilson,  1949).  It  is  thus  possible  that  in  the 
future,  treatment  of  patients  with  pernicious  amemia  will  employ 
anti-anaemic  substance  from  this  source  instead  of  liver,  and  that 
the  activity  of  the  material  will  be  biologically  standardized  by  its 
influence  on  the  growHi  of  Lactobacillus  lactis  Dorner.  It  would 
certainly  be  most  satisfactory  to  find  some  alternative  and  more 
regular  source  of  anti-amemic  princijde  than  liver,  but  much  work 
obviously  remains  to  be  done,  not  only  in  the  commercial  produc¬ 
tion  of  the  substance  by  Streptomyces  griscus,  but  also  in  the 
correlation  of  the  growth-promoting  inlluence  of  vitamin  Hj.,  in 
Lactobacillus  lactis  Dorner  with  the  clinical  response  in  perni(*ious 
ana'inia.  It  should,  however,  be  mentioned  that  C'uthbertson  and 
Smith  (1949)  have  shown  that  three  other  microbiologicallv  activ’c 
substances  (besides  vitamin  can  be  isolated  from  liver  ^tracts 
l)y  partition  chromatography  on  j)aper,  so  the  final  identification 
of  the  anti-pernieious  anamiia  factor  by  the  microbiological 
method  is  not  yet  certain.  Moreover,  there  is  considerable  varia¬ 
tion  in  the  L.  lactis  Dorner  activity  among  different  brands,  and 
even  among  different  batches  of  the  same  brand,  of  liver  extracts 
(Shaw,  1949).  The  presumptive  vitamin  11^2  content  of  “high 
potency  liver  extracts  is  of  the  order  of  10  /ag./ml.  Clinical  res¬ 
ponses  to  extracts  containing  less  than  10  /Lig./ml.  of  vitamin 
vvere  nuic  i  ess  satisfactory  than  to  extracts  containing  more  than 
10  /xg./ml.  (Cuthbertson  et  al,  1949).  One  thing  is  (jidtc  clear  at 
liveT'f  impractical  to  prepare  vitamin  from 

'  «• 

Biological  Actions  of  Vitamin  B,^ 

Some  preliminary  reports  have  sliown  tliat  vitamin  B  stimii 

iw”  fTogml'l'TlKsr' ml;  T  f "'•> 

“  witi"  ''liich  ocetrs  in^M"wL”  they 

are  fed  w.th  ,o<l,nate<l  casein  (Nieliol  rf  «(., 

Action  of  Vitamin  B„  in  Pernicious  Anemia 

.h“r  .Si”.  ■'  .  .r 
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vitamin  Bjg  in  pernicious  aniemia  (see  review  by  Rcisncr,  1941)). 
It  will  clearly  take  some  time  yet  to  make  a  final  assessment  of  its 
long  term  effectiveness,  but  there  is  no  doubt  whatever  of  its 
capacity  to  induce  a  eharaeteristic  clinical  and  lucmatological  re¬ 
mission  in  this  disease.  The  original  report  by  West  (1948)  has 
been  followed  by  numerous  demonstrations  of  the  elfieaey  of  crys¬ 
talline  vitamin  11^2  pernicious  amemia  (e.g.  Hall  and  Campbell, 


Fig.  85 

Action  ok  Vitamin  in  a  Patient  with  Pehnicious  An.emia. 

(After  Spies  et  oL,  1949.) 


1948;  Ungley,  1948  and  1949;  Berk  et  al.  1948;  Spies  cl  al, 
1949;  West  and  Rcisner,  1949;  Pettier  ct  al..  1949;  Jones  et 
al.,  1949).  The  early  responses  to  administration  ol  vitamin  B12  nio 
identical  with  thosT  which  follow  liver  therapy.  Within  a  lew 
days  the  patient  feels  stronger,  liccomes  mentally  more  alert,  his 
appetite  returns  and  a  gain  in  weight  soon  results  ;  the  signs  and 
svmptoms  of  glossitis  are  alleviated  within  4-5  days.  The  lurina- 
tological  response  is  very  striking;  Hall  and  Campbell  (1948) 
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record  that  after  injection  of  25  /xg.  of  vitamin  tlie  megalo¬ 
blastic  bone  marrow  picture  was  changed  to  a  normoblastic  one 
within  48  hours,  and  indeed  in  one  patient  there  was  a  significant 
alteration  of  the  marrow  count  within  nine  liours  of  injection  of 
1  ixg.  of  vitamin  Bja-  Reticulocytosis,  in  jiatients  with  initial  red 
cell  counts  below  two  million  per  c.mm.,  may  reach  as  high  as  40 
per  cent  within  4-7  days  of  injection,  and  subsequent  increases  in 
lijcmoglobin  concentration  and  red  cell  count  are  similar  to  those 
which  follow  liver  therapy. 

The  effects  of  vitamin  on  neurological  complications  arc  of 
great  importance  (remembering  the  early  high  j)romise  of  folic 
acid),  and  it  may  already  be  said  that  vitamin  Bjg  lias  beneficial 
effects  on  ])eri{)heral  neuritis  and  on  subacute  combined  degenera¬ 
tion  of  the  cord  associated  with  pernicious  anaemia.  Spies  ct  al. 
(1949)  have  reported  that  in  one  patient,  whose  sym})toms  from 
combined  degeneration  were  steadily  progressing  during  folic 
acid  administration,  injection  of  vitamin  Bjg  produced  dramatic 
subjective  and  objective  improvement  within  four  days. 
Other  reports  (e.g.  Hall  and  Campbell,  1948;  Berk  et  al, 
1948;  Mettier  ct  al,  1949;  Ungley,  1949)  support  the  view 
that  vitamin  Bjo  acts  like  liver  extract  on  these  neurological 
complications,  but  it  is  clearly  too  early  yet  to  assess  the  final 
results. 

Berk  et  al.  (1948)  lound  that  in  a  patient  who  showed  allergic 
hypersensitivity  to  pork  and  beef  liver  extracts,  there  was  no 
reaction  to  injections  of  vitamin  Bj,-  This  is  obviously  a  matter 
of  practical  importance. 


Vitamin  Bjg  and  Extrinsic  Factor  (Castle) 

Berk,  C'astle  ^  al  (1948)  have  shown  that  the  lucmopoietic 
activity  of  orally  administered  vitamin  B^^  in  iiernicious  aiucmia 
IS  enhanced  by  simultaneous  administration  of  normal  (Tastric 
juice,  but  that  such  activity  is  still  below  that  of  injected  ^dtanlin 
12-  1  hey  suggest  that  the  extrinsic  factor  in  food  (e.g.  beef 

luscle,  milk  and  eggs)  may  be  identical  with  or  closelv  related 
e  lemically  to  the  anti-pernicioiis  anjemia  principle  of  liver,  which 
n  turn  is  presumed  to  be  identical  with  vitamin  B,^.  Berk  et  al 
m  e  further  stated  that,  “It  is  therefore  possible  that  the  function 
)  the  intrinsic  factor  of  normal  human  gastric  juice  is  to  facilitate 
the  ab.orpt,o„  hy  the  intestine  of  vit^^nh,,  of 
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related  compounds  in  the  food,  rather  than  to  react  with  the 
extrinsic  factor  as  hitherto  assumed.” 

It  lias  been  shown  by  Bethell  et  al.  (1948)  that  the  daily  output 
of  vitamin  fieccs  of  patients  with  untreated  pernicious 

ana?mia  is  much  greater  than  that  necessary  to  produce  remission 
when  given  by  injection,  and  they  suggest  that  this  disease  may  be 
due  to  defective  absorption  of  vitamin  B^g,  whether  derived  from 
the  diet  or  from  intestinal  bacterial  synthesis. 

Folic  Acid  and  Vitamin  3^2 

Bethell  et  al.  (1948)  reported  that  the  folic  acid  antagonist, 
aminopterin,  inhibited  the  response  to  injected  vitamin  B^o  in  a 
patient  with  pernicious  anaemia.  It  has  since  been  shown  by  ^leyer 
et  al.  (1949)  that  other  folic  acid  antagonists,  pteroyl  aspartic  acid 
(An-Fol-B)  and  methyl  pteroic  acid  (Met.  Fol-B)  prevented  the 
responses  of  patients  with  pernicious  anaunia  to  injections  of  liver 
extract  or  of  vitamin  Bi2*  These  findings  naturally  raise  the 
(piestion  of  synergistic  actions  between  folic  acid  and  vitamin  Bjj, 
but  it  is  too  early  yet  to  discuss  the  possible  mechanisms  involved. 

Aetions  of  Vila'min  in  Other  Ancemias.  Patel  (1948)  and 
Spies  et  al.  (1949)  have  reported  good  responses  to  the  administra¬ 
tion  of  vitamin  B12  in  tropical  macrocytic  ancemia,  nutritumol 
macrocytic  ancemia  and  in  sprue.  Spies  et  al.  (1949)  found  that 
vitamin  B12  was  ineffective  in  secondary  amenua,  aplastic  amcniia, 
Icukopimiia  following  infections  or  due  to  drugs,  and  m  leukicniia. 

cnH  AH  ministration 


1  /xg.  daily,  nnr  somt 
10  /xg.  and  Spies  et  al 
maximally  to  100  /xg. 
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h:rf  and  Wimer  (1949)  noted  that  m  pre- 
o  •.  — "•'oduced 

in  re- 


DOSAGE  OF  VITAMIN  li^^ 


297 


In  his  extensive,  well  controlled  studies  on  53  patients  with 
pernicious  anaunia,  Ungley  (1949)  has  recorded  the  responses  to 
initial  doses  of  vitamin  ranging  from  1.25  to  160  pg.  lie  found 
that,  as  judged  from  the  reticulocyte  response  or  by  the  rise  in  the 
total  red  cell  count  during  15  days,  a  single  dose  of  10  pg.  of 
vitamin  B^g  "’as  as  effective  as  the  usual  liver  extracts,  and  that 
in  most  patients  an  injection  of  10  pg.  every  two  weeks  was  a 
satisfactory  maintenance  dose.  Ungley  suggests  that,  to  take 
account  of  individual  variations  in  response,  uncomplicated  cases 
should  he  given  40-80  pg.  weekly  for  the  first  three  months  and 
80  pg.  every  three  weeks  thereafter.  Patients  with  subacute 
combined  degeneration  should  receive  larger  and  more  frequent 
doses. 
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CHAPTER  14 


ANTICOAGULANT  DRUGS 

In  recent  years  there  has  been  increasing  recognition  of  the  value 
of  anticoagulants  in  the  therapeutic  control  of  thrombophlebitis 
and  related  conditions.  Two  substances,  Heparin  and  Dicoumarol, 
have  been  used  for  this  })urpose. 

Heparin 

A  full  discussion  of  the  chemistry,  physiology  and  medical 
applications  of  heparin  has  been  presented  by  Jorpes  of  Stockholm 
in  his  book  “Heparin  in  the  treatment  of  thrombosis”  (1940),  and 
a  general  account  of  “Anticoagulants  effective  in  vivo""  (including 
heparin)  has  been  given  by  Quick  (1944). 

Heparin  was  discovered  by  Howell  and  his  collaborators  in 
1916,  and  it  was  so  named  because  of  its  predominant  localization 
in  the  liver.  Howell  discovered  methods  for  its  preparation  and 
suggested  that  it  was  a  physiological  anticoagulant,  responsible 
for  the  fluidity  of  the  circulating  blood.  Subsequent  work  by 
Best,  Charles  and  Scott  in  Toronto  with  improved  extraction 
methods  showed  that  heparin  was  present  in  tissues  throughout 
the  body,  especially  the  lungs,  thus  emphasizing  its  possible 
physiological  significance.  In  1935-30  .lorpes  tound  that  heparin 
was  chemically  a  polysulphuric  ester  of  mucoitin. 

Chemical  Composition  of  Heparin 

The  chemical  formula  of  heparin  is  not  exactly  known  but  it  is 
a  large  polysaccharide  molecule  (^M.^\  .  about  700  or  some  multiiile 
of  700)  built  up  of  disaccharide  units  which  are  the  same  as  those 
found  in  mucoitin  sulphuric  acid.  Each  disaccharide  unit  consists 
of  N-acetylated  glucosamine  linked  with  glucuronic  acid  in  such  a 
way  that  each  unit  probably  has  4  OH  groups  available  for 
combination  with  sulphate  groups.  Maximum  anticoagulant 
activity  occurs  with  the  trisulphuric  acid  compound  Heparin 
preparations  are  not  homogeneous  even  in  the  case  of  what  has 
been  called  “crystalline  heparin.”  Depolymerization  and  deacetvi- 
ation  completely  abolish  biological  activity. 
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PREPARATION  OF  HEPARIN 

Source  and  Preparation  of  Heparin  for  Therapeutic  Use 
Heparin  is  a  greyish  brown  powder.  It  is  prepared  Irom  ox 
lung,  and  is  made  up  in  aqueous  solution  as  the  sodium  salt. 
The  B.P.  Injeetion  of  heparin  is  a  solution  of  heparin  in  ])hysio- 
logieal  saline,  containing  not  less  than  90  per  cent,  and  not  more 
than  110  per  cent  of  the  number  of  units  of  heparin  per  ml.  stated 
on  the  label.  The  pH  of  this  solution  is  7.0  to  8.5.  The  solution 
is  sterilized  by  filtration,  and  when  kept  at  a  temperature  not  above 
20°C.  it  shows  no  significant  reduction  in  potency  during  two  years. 
Heparin  is  expensive  to  produce  for  therapeutic  use. 


International  Standard  and  Unit  of  Heparin 

The  Standard  Preparation  is  a  quantity  of  the  dried  sodium 
salt  of  heparin.  The  Unit  is  the  specific  activity  contained  in 
0.0077  mg.  of  the  Standard  Preparation  in  use  in  1947  (British 
Pharmacopoeia,  1948,  p.  807).  1  mg.  of  the  Standard  Preparation 
thus  contains  130  units  of  activity.  If  the  activity  is  expressed  in 
terms  of  the  barium  salt  1  mg.  contains  100  units,  which  is  the 
figiu-e  given  for  commercial  preparations  of  heparin.  These  latter 
contain  10  mg.  (1,000  U)  or  50  mg.  (5,000  U)  per  ml.  of  solution. 
Jorpes  suggests  that  the  dosage  should  always  be  expressed  in  mg. 

The  British  Pharmacopoeia  (1948)  recommends  the  following 
blood  or  plasma  preparations  for  heparin  assay  : — 

(o)  the  freshly  shed  blood  of  the  cat  or  other  suitable  animal, 

(b)  fowl  plasma  to  which  a  tissue  extract  has  been  added  to 
promote  clotting,  or 

(c)  the  decalcified  blood  or  plasma  of  various  mammalian 
species  used  in  conjunction  with  a  solution  of  calcium  salt 
alone,  or  combined  with  a  tissue  extract,  or  a  solution  of 
thrombin. 


Mode  of  Action  of  Heparin 

Heparin  inhibits  blood  coagulation  both  in  vitro  and  in  vivo 
It  appears  to  act  partly  by  preventing  the  conversion  of  pro- 

thrnmr''  >  partly  by  antagonizing  the  action  of 

ombm  Itself ;  m  both  these  actions  co-factors,  present  in  the 
plasma,  are  necessary  (Quick,  1944).  Like  all  anticoagulants 
heparin  inhibits  the  clumping  of  blood  platelets,  an  action 
ich  contributes  to  its  capacity  to  prevent  thrombosis  in  vivo 
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(^^  right,  1945).  Heparin  has  no  chemically  reactive  groups  in  its 
molecule  and  its  anti-coagulant  actions  are  attributed  to  its 
physico-chemical  properties,  particularly  to  its  exceptionally 
strong  electronegative  charge,  due  to  the  sulphuric  acid 
groups.  Other  polysaccharide  polysulphuric  acid  esters,  both 
natural  and  synthetic,  have  marked  anticoagulant  properties 
for  probably  the  same  reason.  Basic  substances,  such  as 
toluidine  blue  and  protamine,  neutralize  the  negative  electric 
charge  of  heparin  and  completely  antagonize  its  anticoagulant 
action. 


Administration  and  Duration  of  Action  of  Heparin 

Heparin  is  usually  administered  intravenously,  either  con¬ 
tinuously  in  a  saline  drip  or,  more  frecjuently,  by  repeated 
injections.  The  duration  of  action  after  a  single  injection  is  brief, 
e.g.  after  100  mg.  (10,000  units)  the  coagulation  time  is  increased 
for  a  period  of  about  three  hours  (Fig.  36),  the  maximum  effect 
occurring  5-10  minutes  after  injection  (Takats,  1943).  If  the 
intravenous  route  is  used,  injections  must  be  given  at  intervals  of 
4-6  hours  to  maintain  a  coagulation  time  exceeding  15  minutes 
(normal  4-7  minutes). 

Attempts  have  been  made  to  prolong  the  effects  of  heparin  by 
using  other  routes  of  administration.  Walker  (1945)  has  tried 
intramuscular  injections  ;  subcutaneous  injection  was  too  painful 
and  produced  local  reactions.  A  long-acting  preparation  for 
subcutaneous  injection,  was  introduced  by  Loewe  and  Rosenblatt 
(1944),  who  incorporated  heparin  (100  mg. /ml.)  in  Pitkin’s 
Henstrum  (18  per  cent  gelatin,  8  per  cent  glucose,  1  per  cent 
acetic  acid  and  distilled  water).  With  this  mixture,  which  has  been 
used  to  prolong  the  action  of  other  water  soluble  drugs,  the  onset 
of  heparin  action  occurred  at  two  hours  and  the  maximum  effect 
at  16  hours  after  injection,  the  total  duration  being  some  40  hours 
(Evans  and  Boiler,  1946).  Another  mixture  used  to  prolong 
heparin  action  has  been  described  by  Vorzimer  et  «/.  (1948)  who 
made  an  emulsion  of  an  aqueous  solution  of  heparin  (200  . 
mg./ml.)  in  a  menstruum  consisting  of :  cholesterol  derivative 
33  per  cent,  peanut  oil  65  per  cent  and  beeswax  2  per  cen  .  ^ 
single  intramuscular  injection  prolonged  the  clotting  time  ac 
quately  for  up  to  24  hours.  The  dosage  of  heparin  will  be  discussed 

later. 
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Distribution  and  Fate  of  Heparin 

Heparin  is  a  relatively  large  molecule  which  becomes  attached 
to  plasma  proteins  ;  it  therefore  remains  in  the  blood  stream  and 
does  not  diffuse  through  natural  or  artificial  membranes  (e.g. 
the  cellophane  of  the  artificial  kidney). 

EFFECT  OF  INTRAVENOUS  HEPARIN  ON 
CLOTTING  time  IN  A  NORMAL  SUBJECT 


IIkpauin  and  Clotting  Time 

Effects  of  different  doses  of  heparin  given  intravenously.  Note  the  brief 

duration  of  action. 

Ordinate.  Clotting  time  in  minutes.  Abscissa.  Time  in  hours. 

devised  “liv®  '>/  f  ne"’  enpillary  tuhe  metho.l 

ae\  sea  Or.  J.  W.  Stewart  of  the  Bland-Sutton  Institute  of 
I  athologv  Muld lesex  nos,)ital.  *  The  normal  clotting  time  bv  tlbs 
method  IS  4^8  minutes  These  records  were  obtained^iTMr  L  P 
LeQuesne  of  the  Surgical  Unit,  Middlesex  Hospital.  ’  ' 

PHARMACOI.OGV  * 
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The  fate  of  injected  heparin  and  the  reasons  for  its  brief  duration 
of  action  are  unknown.  It  was  formerly  stated  that  heparin  was 
partly  excreted  in  the  urine,  but  Jaques  and  Ricker  (1948)  could 
find  no  evidence  of  this,  and  showed  that  nephrectomy  in  dogs 
did  not  alter  the  duration  of  action  of  heparin.  There  is  no 
evidence  that  the  liver  is  concerned  with  the  disappearance  of 
heparin,  and  none  appears  in  the  feces. 

Variations  in  Sensitivity  to  Heparin.  Some  difficulty  in  the  use 
of  heparin  arises  from  individual  variations  in  response.  Takats 
(1943)  devised  a  “heparin  tolerance  test”  in  which  10  mg.  of 
heparin  was  injected  intravenously  and  the  effect  on  coagulation 
time  was  recorded  before  and  10,  20,  30  and  40  minutes  after 
injection.  He  classified  subjects  as  normal,  hypo-  and  hyper- 
reactors  according  to  the  maximum  recorded  prolongation  of 
clotting  time. 


Dicoumarol 

Dicoumarol  was  discovered  in  a  most  interesting  way.  Schofield 
(1922)  described  a  hsemorrhagic  disease  in  cattle  which  was 
thought  to  be  due  to  the  eating  of  spoiled  hay  from  sweet  clover, 
and  subsequently  Roderick  (1931)  found  that  in  this  disease  the 
plasma  prothrombin  level  was  reduced  in  parallel  with  a  prolonga¬ 
tion  of  coagulation  time.  Quick  (1937)  produced  “sweet  clover 
disease”  experimentally  in  rabbits  and  showed  that  the  lowered 
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prothrombin  level  could  be  restored  to  normal,  and  the 
rhaeic  tcndencv  counteracted,  by  administration  of  altalta 
(containing  vitamin  K)  in  the  diet.  The  active  toxic  factor  in 
spoiled  sweet  clover  was  obtained  in  crystalline  form  by  Campbell 
and  Link  (1941)  and  it  was  chemically  identified  by  Stahniann 
et  al.  (1941)  as  3  :  3'-methylene-iii5-4-hydroxy-coumarin  (Di- 

^^Ifeo^umarol  is  a  white  microcrystalline  powder,  which  is  only 
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slightly  soluble  in  water.  It  is  prepared  synthetically  and  is  cheap 
to  produce. 

Mode  of  Action  of  Dicoumarol 

(1)  Dicoumarol  selectively  depresses  the  formation  of  pro¬ 
thrombin  by  the  liver,  other  functions  of  the  liver  remaining 
unaffected.  This  effect  is  entirely  similar  to  that  produced  by 
vitamin  K  deficiency,  and  it  may  well  be  that  dicoumarol  is  a 
competitive  inhibitor  of  vitamin  K  whose  formula  may  be  seen 
to  resemble  that  of  half  the  dicoumarol  molecule  (see  p.  335).  The 
conseejuent  reduction  in  plasma  ])rothrombin  level  prolongs  the 
))rothrombin  clotting  time,  and  when  this  is  sufliciently  increased 
the  ordinary  clotting  time  of  blood  is  also  prolonged  (Quick,  1944). 
Moloney  et  al.  (1948)  have  studied  the  clotting  time  of  blood 


Vitamin  K 

(2-methyl-3-phytyl-l  :  4  naphthaquinone) 

collected  in  silicone  coated  (“drifihned”)  tubes  and  have  found 
that  in  patients  who  have  received  dicoumarol  the  clotting  time 
might  be  greatly  prolonged  (e.g.  from  the  normal  time  of  30-60 
minutes  to  24-72  hours),  even  though  the  clotting  time,  as 
measured  in.  ordinary  glass  tubes,  showed  no  significant  change. 

1  bey  suggest  that  the  silicone  tube  method  gives  much  more 
valuable  uiformatio"  about  the  preveutiou  .,f  iutravascular 
clottuig  than  the  ordiuarv  uietliod,  and  the  fonucr  luav  iudeed, 
be  more  aceurate  than  the  estiumtiou  of  plasma  protbro.ubiu 

silicouc'tub’'^  eontrol  of  (beoumarol  dosage.  Cnfortuiiately,  the 
sd«.ne  tube  teeluu.p.c  .s  at  pre.seut  too  eomplicatod  for  routine 

(2)  Dieoumarol  reduces  the  adhesiveness  of  platelets  and  so 
helps  to  prevent  thrombus  formation. 
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(3)  It  prolongs  clot-retraction  time. 

(4)  Dicoumarol  has  no  other  pharmacological  actions  and  death 
from  toxic  doses  is  due  to  luemorrhage. 

It  has  been  suggested  by  liink  et  al.  (1943)  that  dicoumarol 
might  be  converted  to  salicylic  acid  in  the  body.  They  showed 
that  sodium  salicylate  reduced  the  plasma  prothrombin  level  in 
rats,  but  that  in  this  respect  it  was  much  weaker  than  dicoumarol. 
Other  workers  have  confirmed  these  results  in  man  and  suggest 
that  the  bleeding  which  may  occasionally  follow  massive  thera¬ 
peutic  dosage  with  salicylates,  is  due  to  hypojwothrombiiurmia. 
However,  although  the  chemical  structure  of  dicoumarol  suggests 
that  it  might  be  broken  down  to  salicylic  acid,  there  is  no  evidence 
that  this  explains  its  mode  of  action. 


Factors  Which  Influence  Dicoumarol  Action 

(1)  Fever.  Richards  (1943)  noted  considerable  enhancement 
of  the  action  of  dicoumarol  on  prothrombin  time  in  rats  in  which 
fever  had  been  artificially  induced.  This  factor  should  be  re¬ 
membered  in  the  therapeutic  use  of  the  drug. 

(2)  Liver  and  Kidney  Dnniage.  Richards  and  Steggerda  (191.5) 
found  that  carbon  tetrachloride,  in  doses  which  had  no  significant 
effect  on  prothrombin  levels,  greatly  sensitized  rats  to  the  action 
of  dicoumarol,  presumably  by  ])roduction  of  slight  liver  damage. 
They  also  showed  that  bilateral  nciihrcctomy  prolonged  and 
increased  the  prothrombin  lowering  action  of  dicoumarol.  and 
suacrested  that  dicoumarol  itself,  or  active  breakdown  jiroducts, 
migiit  be  excreted  via  the  kidney.  Thus  it  is  clear  that  severe 
hepatic  or  renal  disease  might  greatly  enhance  the  toxicity  ol 
dicoumarol.  For  example,  Reisner  et  al.  (1949)  found  that  m 
patients  with  liver  disease  or  congestive  heart  lailure,  dicoun.aio 
produced  a  greater  fall  in  idasma  prothrombin  level  than  m  norma 

persons. 

Administration  and  Duration  of  Action  ,, 

Dicoumarol  is  now  always  Kiven  by  mouth,  though  ^ 

al  (1!)«)  originally  showed  that  the  d.soduuu 
fntraveuously!  B.y  either  route  the  onset  of  act, on  is  delay  d  ^ 
12-7-i  hours  and  persists  for  a  further  7'2  hours  or  «; 

shows  the  duration  of  action  of  iliffereut  single  doses  ol  dii  oun.an 

(Lehmann,  1942). 


DICOVMAHOL  ASI)  l-llOTIIItOMIilN  »l« 

Estimation  of  Prothrombin  in  Dicoumarol  Therapy 

The  response  to  dieouniarol  is  very  variable  and  it  is  necessary 
to  control  its  dosage  bv  daily  determinations  of  the  plasma 
prothrombin  level.  The  one-stage  technique  described  by  Quick 
(1942)  has  been  extensively  used  for  this  purpose,  lirielly,  the 
method  consists  of  adding  optimal  amounts  of  brain  thrombo¬ 
plastin  and  calcium  to  undiluted  or  12.5  per  cent  oxalated  ])lasma, 
so  that,  in  the  jiresence  of  the  usual  amounts  of  fibrinogen,  the 


Fig.  37 

IlYPOPKOTIIUOMBIN/liMI.V  AFTKK  DiCOUMAHOL 

Effects  of  different  doses.  Note  the  prolonged  duration 
of  action.  Ordinate  =  Prothrombin  Index  (as  percentage 
of  nonnal=l()()  per  cent).  Abscissa  =  time  in  days. 

(.After  Lehmann,  1942.") 

rate  of  clotting  of  the  mixture  is  proportional  to  the  concentration 
of  jirothrombin.  The  clotting  time,  measured  in  seconds,  is  trans¬ 
lated  into  prothrombin  concentration,  expressed  as  a  percentage 
of  the  normal,  by  reference  to  calibration  curves  derived  from  tests 
on  samples  of  normal  plasma  in  which  the  prothrombin  concentra¬ 
tion  has  been  reduced  by  dilution.  Unfortunately  different  samples 
of  brain  thromboplastin  give  different  results,  so  it  is  dinieult  to 
compare  one  worker’s  results  with  another’s.  The  aim  with 
dicoumarol  therapy  is  to  reduce  the  prothrombin  level  to  between 


310 


ANTICOAGULANT  DRUGS 


10  and  30  per  cent  of  the  normal.  Below  10  per  cent,  bleeding  is 
very  liable  to  occur. 

Biggs  and  Macfarlane  (1949)  have  reviewed  and  studied  the 
various  factors  which  inlluence  Quick’s  one-stage  method  of 
estimating  prothrombin  concentration.  Though  the  method  is 
theoretically  inferior  to  the  two-stage  method,  they  regard  it  as 
of  proved  clinical  value.  Biggs  and  Macfarlane  (1949)  have 
compared  the  use  of  Russell  viper  venom -f  lecithin  as  thrombo¬ 
plastin,  with  the  original  brain  thromboplastin  used  by  Quick. 
They  found  that  with  Russell  vijjer  venom  the  test  was  much  less 
sensitive,  and  in  many  instances  more  irregular,  than  with  brain 
thromboplastin.  Fig.  38  shows  that  in  one  patient,  when  Quick’s 
technique  showed  .a  reduction  of  })rothrombin  concentration  to 
5  per  cent  of  normal,  and  luematuria  had  occurred,  a  simul¬ 
taneously  performed  test  employing  Russell  viper  venom -f 
lecithin  as  thrombojdastin,  gave  a  prothrombin  concentration  of 
35  per  cent  of  normal.  James  (1949)  has  recorded  similar 
findings. 

The  Fate  of  Dicoumarol  in  Man.  Weiner  et  al.  (1949)  have 
studied  the  fate  of  dicoumarol  in  man.  The  rate  of  its  breakdown 
depended  on  its  level  in  the  plasma  ;  at  high  plasma  levels  a 
smaller  jiroportion  was  destroyed  than  at  low  plasma  levels,  but 
there  were  large  individual  variations.  About  99  per  cent  of 
dicoumarol  in  the  plasma  was  bound  to  j)roteins.  Only  traces  of 
dicoumarol  were  found  in  the  urine. 

Actions  of  a  Dicoumarol  Derivative  (“Pelentan,” 
“Tromexan”) 


OH  OH 


C - V  T  "1 

H  I  


an 

(Reims  aiiu 
Santa,  1949). 
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^^TROMEXAN' 

The  main  features  of  its  actions  appear  to  be  : — 

(1)  It  has  about  I  the  potency  of  dicoumarol,  but  is  pro¬ 
portionately  less  toxic. 

(2)  Its  hypoprothrombinaemic  action  develops,  and  passes  off, 
more  rapidly  than  that  of  dicoumarol.  Its  action  commences 


PROTHROMBIN 
CONCENTRATION  % 


Fig.  38 

Comparison  of  Thromboplastins  in  Prothrombin 

Estimation 

1  he  ordinate  shows  protlirombin  concentration  expressed 
as  a  percentage  of  normal.  It  can  be  seen  that  after 
dicoumarol  administration,  the  Quick  test,  using  brain 
as  the  source  of  thromboplastin,  shows  a  much  more 
inarked  bypoprothrombiruemia  than  when  Russell’s 
viper  venom  and  lecithin  are  used  as  thromboplastin. 

(After  Riggs  and  MacFarlanc,  1949.) 
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■Nvithin  2-3  hours  of  oral  administration  and  reaches  its  peak  in 
12-24  hours  ;  after  establishment  of  its  full  action,  cessation  of 
administration  is  followed  by  a  40  per  cent  increase  in  prothrombin 
level  within  24  hours,  and  a  return  to  normal  levels  within  48 
hours, 

(3)  “Tromexan”  is  more  rapidly  metabolized  and  excreted  than 
dicoumarol. 

(4)  The  actions  of  “Tromexan”  are  enhanced  and  prolonged 
in  the  presence  of  liver  damage, 

(5)  The  daily  dosage  of  “Tromexan”  is  at  first  1,200  mg,  (best 
given  in  four  divided  doses)  ;  later  300-600  mg,  daily  maintains  the 
action  without  producing  cumulative  effects,  though  frequent 
measurements  of  prothrombin  concentration  are  still  necessary, 

(6)  Its  clinical  effectiveness  in  thrombotic  conditions  is  com¬ 
parable  to  that  of  dicoumarol, 

(7)  Ha?morrhagic  complications  have  followed  overdosage  with 
“Tromexan,” 

Hurt,  Wright  and  Kubik  (1949)  have  recently  reported  on  the 
clinical  use  of  this  compound  in  126  patients  with  venous  throm¬ 
bosis,  pulmonary  emboli  and  arterial  thrombosis  or  emboli.  The 
drug  was  given  for  periods  ranging  from  5  days  to  10  months. 
In  over  80  per  cent  of  the  patients  who  received  adequate  dosage, 
the  prothrombin  level  was  reduced  to  less  than  50  per  cent  of 
normal  within  36  hours  of  administration  of  the  first  dose,  and 
after  withdrawal  of  the  drug  recovery  was  equally  rapid.  The 
toxic  effects  were  slight  nausea  and  vomiting  in  a  few  patients 
(jierhaps  due  to  the  bitter  taste  of  the  tablets),  and  transient 
bleeding  in  3  cases,  in  one  of  whom  an  over-dose  was  given  by 

It  certainlv  looks  as  if  “Tromexan”  represents  a  distinct  advance 
on  dicoumarol,  though  its  administration  still  needs  to  be  con¬ 
trolled  by  frequent  plasma  prothrombin  estimations. 


General  Uses  of  Anticoagulants 

Heparin  has  Ijeen  used  for  a  variety  of  purjTOses.  It  is 
used  in  experimental  animal  work  when  avoidance  of  dotting  m 
arterial  and  venous  eannulie  is  particularly  ■";i>°d»nt ;  t  has 
been  widclv  used  to  prevent  blood  clotting  m  uhro  where  its  ser> 
low  osmotic  iiressiire  helps  to  avoid  shrinkage  ol  erythroejtc  . 
rre^ion  I’blood  transLion  it  has  been  used  both  in  vUro  and 
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in  vivo  to  prevent  clotting  of  the  donor’s  blood.  Wiener  and 
Wexler  (1946)  have  used  heparin  to  prevent  the  clotting  of  infant’s 
blood  during  the  course  of  exchange  transfusions  for  erythro¬ 
blastosis. 

Anticoagulants  in  the  Treatment  of  Thrombosis 

Intravascular  clotting,  usually  termed  thrombosis,  occurs  in 
many  circumstances  in  the  course  of  diseases  of  medical  and 
surgical  interest.  The  danger  to  life  from  pulmonary  embolism, 
and  the  chronic  ill-health  resulting  from  widespread  venous 
obstruction  in  the  lower  limbs,  illustrate  different  aspects  of  this 
important  problem.  The  prevention  or  limitation  of  such  throm¬ 
bosis  by  means  of  anticoagulants  has  been  much  studied  of  recent 
years  and  some  impressive  results  have  been  recorded. 

Prevention  of  Thrombosis  in  Animal  Experiments 

h^xperimental  animal  work  in  this  field  began  in  1932  in  the 
Department  of  Surgery  ol  the  Toronto  General  Hospital  as  an 
extension  of  the  chemical  work  on  heparin  done  at  the  Connaught 
Laboratories  of  the  University  of  Toronto.  .Alurray  rt  al.  (1936, 
19.37)  showed  that  in  dogs  heparin  could  prevent  thrombosis 
whicii  otherwise  followed  mechanical  or  chemical  (sodium 
ricinoleate)  injury  to  veins.  Lest  et  al.  (1937)  also  demonstrated 
that  heparin  could  prevent  agglutination  of  platelets  and  white 
thrombus  formation  in  a  collodion  or  cellophane  loop  connectinj? 


(1946)  has  likewise  described  the  successful  use  of  heparin  \o 
prevent  thrombus  formation  in  the  cellophane  tubing  used  in  his 


ap))aratus. 


1  hroinbosis.”  This  term  describes 
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the  thrombosis  which  originates  in  the  legs  following  operations, 
after  childbirth,  or  in  the  course  of  certain  medical  diseases, 
particularly  in  old  people.  Thrombosis  in  this  state  occurs  first, 
largely  as  the  result  of  stagnation,  in  muscle  veins  in  the  lower  part 
of  the  leg,  and  subsequently  spreads  by  deposition  in  the  direction 
of  the  blood  stream  so  that  eventually  it  may  form  a  long  eel-like 
clot,  with  a  smooth  slippery  surface,  extending  up  to  the  femoral 
vein.  At  first  this  clot  is  anchored  only  at  its  lower  end,  it  is 
friable,  and  rupture  releases  a  portion  which  is  carried  away  by  the 
blood  stream  to  produce  pulmonary  embolism.  If  the  clot  does 
not  break  it  thickens  to  occupy  the  lumen  of  the  vein,  and  inflam¬ 
matory  processes  lead  to  its  organization,  with  subsequent 
development  of  the  well-known  signs  of  venous  obstruction 
(phlegmasia  alba  dolens)  (Bauer,  1946). 

Wright  (1948)  has  studied  the  blood  and  circulatory  changes 
which  follow  operations.  She  observed  an  increase  in  the  number 
of  platelets  and  an  increase  in  their  stickiness,  an  increase  in  plasma 
prothrombin  concentration  and  a  prolongation  of  the  leg-carotid 
circulation  time.  These  changes  first  became  e\  ident  about  3  or  4 
days  after  operation  and  reached  their  peak  after  10-12  days, 
which  is  also  the  time  when  venous  tlirombosis  (and  pulmonary 
embolism)  is  most  likely  to  occur.  All  these  abnormalities  may  be 

corrected  by  anticoagulant  therapy. 

In  theory,  it  would  of  course  be  desirable,  and  some  have  tried 
in  practice,  to  use  anticoagulants  prophylactically  to  prevent  the 
development  of  the  initial  clot,  but  there  are  some  objections  to 
such  a  course,  and  it  has  been  found  more  feasible  to  administer 
these  substances  as  early  as  possible  after  diagnosis  of  the  oripnal 
thrombosis.  Anticoagulants,  by  preventing  the  extension  of  the 
clot,  decrease  the  likelihood  of  embolism  and  restrict  conse- 
quences  of  venous  obstruction.  For  example  Bauer  (19«)  ““ 
compared  tlie  results  at  the  Mariestacl  Hospital,  .^'«den,  u  a 
larire  series  of  cases  after  the  iutrocluction  of  heparin,  vit  those 
ofl  large  series  previously  stnclieil.  He  records  the  following 

*'^/miacus  0^6)  ll!«  reviewed  the  effects  of  anticoagulant  therapy 
(mlhilT  hepaHn)  on  the  course  of  thronibosis  and  pu  nionarj 
embolism  in  a  series  of  .Swedish  hospitals  during  ue  \ea  .  • 

«  ;  liiTwork  supports  and  supplements  the  results  recorded  hv 

Bauer. 
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Table  12 


No  Heparin 

Heparin  treated 

Mortality  rate  in  cases  with 
thrombosis 

Average  duration  of  stay 
in  bed  . 

Serious  after  effects,  e.g. 
ulceration  of  legs 

18% 

40  days 

+  + 

1.4% 

4.7  days 

± 

Post-operative  Thro)nbosis.  Barker  et  al.  (1947)  have  deseribed 
the  results  of  eombined  hej)ariu-dicouniarol  administration  in 
patients  witli  post-operative  and  other  types  of  thrombosis. 
Among  patients  with  signs  of  pulmonary  embolism  or  infaretion 
the  frequeney  of  fatal  embolism  was  redueed  from  IS  per  eent  to 
0.3  per  eent,  and  in  ))atients  with  signs  of  thrombophlebitis  the 
frecpieney  of  fatal  pulmonary  embolism  was  redueed  from  5.7 


per  eent  to  zero. 

Ball  and  Hughes  (1949)  have  reeorded  the  effects  of  heparin 
and  dicoumarol  in  100  patients  with  thrombosis  and/or  embolism, 
h  ig.  39  illustrates  the  prothrombin  response  during  anticoagulant 
therapy  after  a  cardiac  infarction  in  a  patient  with  deep  calf 
thrombosis. 

Coronary  Thrombosis.  Anticoagulants  have  recently  been  used 
in  the  treatment  of  coronary  thrombosis  zvith  myocardial  infarction. 
1  hey  may  helj)  in  four  wavs  : — 

(^)  Ky  preventing  the  spread  of  thrombosis  in  the  coronarv 
arteries. 

(2)  By  preventing  the  development  of  mural  thrombosis  at 
the  site  of  infaretion. 

(3)  By  preventing  the  development  of  decubitus  thrombosis  in 
the  legs. 


the  coronary  arteries 


(4)  By  increasing  blood  How  through 
(Gilbert  and  Nalefski,  1949). 

The  effects  of  dicounmrol  in  «2  eases  were  compared  with  368 
control  cases  by  W  rigid  ct  al.  (1!)J.8)  wbo  reeorded  a  statistieolly 
.  enifieant  reduction  of  inortaldy  rate  from  24  per  eent  to  15  peV 

Chip. 'It"’®  •'‘"‘i««'8»hmt  therapy  (see  also 
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Administration  and  Dosage 

Heparin.  When  heparin  is  given  alone  in  post-operative  throm¬ 
bosis,  Bauer  (1940)  recommends  a  dose  of  150  mg.  intravenously 
4  hourly  for  2  or  3  doses,  then  150  mg.  morning  and  night -f  100  mg. 
once  or  twice  during  the  day,  and  later  when  the  symptoms  have 
subsided  100  mg.  twice  a  day.  Others  have  suggested  that  the 
dosage  of  heparin  be  related  to  the  coagulation  time,  which  should 
be  prolonged  to  about  three  times  normal  (Reich  and  Eisenmenger, 
1948).  This  is  usually  attained  with  50-100  mg.  every  4-6  hours.  1 
Heparin  in  Pitkin’s  menstruum  should  be  injected  subcutaneous¬ 
ly  in  doses  of  200-400  mg.  every  48  hours. 

When  heparin  is  combined  with  dicoumarol  it  (i.e.  the  heparin) 


MG 


DICOUMAROL 


300- 


; 


^^HEPARIN 


O 


5 


A 


DAYS  OF  TREATMENT 
Pio.  39 


This  cliart 
therapy  iu 


cardiac  infarction. 

(After  Ball  and  Hughes,  1949.) 


i 
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is  only  given  during  the  first  36-48  hours  of  treatment,  until  tlie 
dieoumarol  has  had  time  to  work,  and  most  workers,  e.g.  liarker  e/ 
ol.  (1947),  reeommend  50  mg.  4  hourly  by  ijitravenous  injection  for 

this  purpose. 

Dieoumarol.  Dieoumarol  is  given  in  capsules  by  moutli.  It 
is  usual  to  give  300  mg.  on  the  first  day,  200  mg.  on  the  second  day 
and  to  regulate  subsequent  doses  by  daily  measurements  of  the 
protlirombin  level  which  should  be  reduced  to  about  20  per  cent 
of  the  normal  value  in  the  plasma.  If  the  prothrombin  con¬ 
centration  exceeds  20  per  cent  of  normal,  200  mg.  of  dieoumarol  is 
given  on  that  day,  if  it  is  betw'een  10  and  20  per  cent  of  normal  the 
dieoumarol  dose  is  50—100  mg.,  and  if  the  prothrombin  level  is 
less  than  10  per  cent  of  normal  no  dieoumarol  is  given  on  that  day 
(Barker  el  al.,  1947  ;  Wright  et  al.,  1948).  The  daily  total  is  best 
given  in  one  dose.  The  duration  of  treatment  is  related  to  progress, 
except  in  patients  wdth  coronary  thrombosis  to  w'hom  dieoumarol 
should  be  given  for  30  days  after  the  last  thromboembolic  episode. 
The  dosage  of  tromexan  is  given  on  p.  312. 

It  cannot  be  stressed  too  emphatically  that  dieoumarol  should 
never  be  given  xvithout  laboratory  eontrol  of  the  jAasma  prothrombin 
level ;  fatal  hjemorrhage  has  resulted  in  patients  in  whom  this 
precaution  has  been  ignored  (Duff  and  Shull,  1949).  When 
dieoumarol  is  first  given  to  patients  with  thromboembolic  com¬ 
plications,  daily  determinations  of  the  prothrombin  level  arc 
reijuircd  before  each  dose  of  the  drug.  It  is  feasible  to  give  di¬ 
eoumarol  over  long  jieriods  of  time,  and  Ohvin  (1949)  has  reported 
administration  for  uj)  to  23  months  ;  he  found  that  after  initial 
stabilization  it  w'as  (piite  safe  to  measure  the  prothrombin  level 
at  w’eekl}'^  intervals.  Olwdn  noted  marked  variations  in  individual 
requirements  to  maintain  a  prothrombin  level  betw^een  10  and  30 
per  cent  of  normal  ;  for  example  one  jiatient  required  100  mg.  of 
dieoumarol  weekly,  w’hereas  another  w'as  not  satisfactorily  con¬ 
trolled  by  2,800  mg.  weekly. 


Antagonists  to  Anticoagulants 
1  he  cflects  of  heparin  may  be  immediately  antagonized  by 
Ultra  venous  injection  of  5-10  ml.  of  1  per  cent  protamine  sulphate, 

ior  reasons  previously  explained  (p.  304),  or  more  slowly  bv  blood 
transfusion.  " 

Ihe  actions  of  dieoumarol  may  be  antagonized  : _ 
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(1)  By  intravenous  injection  of  60-75  mg.  of  menadione  bi¬ 
sulphite  (water  soluble  vitamin  K  preparation),  every  four  hours. 
Ibis  antagonizes  the  depressant  action  of  dicoumarol  on  pro¬ 
thrombin  formation  in  the  liver,  but  probably  takes  at  least  12 
hours  to  become  effective.  James  et  al.  (1949)  have  shown  that  the 
oxide  of  2-methyl-3-phytyl-l :  4-naphthoquinone  (vitamin  oxide) 
works  more  rapidly  than  either  menadione  sodium  bisulphite,  or 


Fig.  40 

•  Effect  of  transfusion  of  fresh  blood  on  prothrombin  time 
prolonged  by  dicoumarol. 

(After  Allen,  Barker  and  Waugh,  1942.) 

the  tetrasodium  salt  of  2-methyl-l  :  4-naphthohydroquinonc 
diphosphoric  acid  ester  (synkavitc),  for  this  purpose. 

(2)  By  transfusions  of  fresh  whole  blood,  which  provide  small 
quantities  of  prothrombin  without  delay  (b  ig.  40). 

Toxic  Actions  of  Anticoagulants 

Hccmorrhage  is  clearly  the  most  probable  complication  of  the 
use  of  anticoagulants.  The  danger  is  greater  with  dicoumarol 
than  with  heparin  owing  to  the  much  more  prolonged  action  ot  the 
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former.  However,  if  the  dosage  is  properly  controlled  serious 
bleeding  with  dieoinnarol  occurs  in  only  1-2.5  per  cent  of  cases 
(Barker  et  aL,  1947),  though  minor  hamiorrhages,  e.g.  epistaxis, 
local  ecchymoses  and  transient  hamaturia  may  occur  more  fre¬ 
quently.  bicoumarol  does  not  increase  eapillary  fragility,  hut  the 
bleeding  time  may  be  prolonged  (Thorsen,  1947), 

Other  toxic  effects  with  these  substances  include  very  occasional 
allergic  hvpersensitivity  to  heparin  and  to  dicoumarol,  and  the 
latter  sometimes  produces  headache,  nausea  and  diarrhoea. 

Contraindications  to  the  Use  of  Anticoagulants 

Blood  diseases  with  purpura,  fresh  wounds  and  open  ulcers  are 
elear  contraindieations  to  the  use  of  these  drugs.  It  is  now 
recognized  that  these  substances  arc  dangerous  in  subacute 
bacterial  endocarditis,  in  which  they  hav'e  previously  been  used 
(particularly  heparin)  to  enhance  the  actions  of  sulphonamides 
and  penicillin. 

Dicoumarol  should  not  be  given  to  patients  with  kidney  or 
liver  damage. 
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CHAPTER  15 


THE  MODE  OF  ACTION  OF  DRUGS 


There  has  been  much  investigation  concerning  the  meclianism 
by  which  drugs  produce  their  action  in  the  body.  Wliatev'er  their 
method  of  administration,  they  are  distributed  in  a  v’ariety  of 
ways,  and  ultimately  reach  the  cells  and  the  action  is  then  due  to 
the  effect  on  cells.  Drugs  can  produce  their  effects  either  by  acting 
on  the  surface  of  the  cell  or  by  penetrating  into  the  cell  and  pro¬ 
ducing  some  effect  in  the  iuterior  of  the  cell.  The  cell  consists  of 
a  nucleus  and  surrounding  cyto])lasm  and  the  effect  of  a  drug  can 
thus  be  exerted  either  on  the  cytoplasm  or  on  the  nucleus  (or  both). 
J  here  is  indeed  much  evidence  that  certain  substances  do  penetrate 
into  the  interior  of  the  cell,  and  in  fact  cells  have  the  capacity  to 
accumulate  certain  substances  in  their  interior  producing  a 
concentration  which  is  much  higher  than  that  present  in  the 
surrounding  medium.  One  mechanism  by  which  drugs  can 
pioduce  their  effect  is  by  preventing  the  concentration  of  certain 
substances  in  the  interior  of  the  cell.  It  seems  likely  that  the  action 
of  penicillin  is  of  this  type,  preventing  the  accumulation  of 
glutamic  acid  in  certain  cells  (see  p.  l-iS). 

1  heoretically  an  action  on  the  nucleus  might  be  exerted  cither 
^^*’**f?  penetrating  into  the  nucleus  and  producing  some 
e  cct,  or  b\  producing  an  effect  on  the  surface  of  the  nucleus,  i.e. 
at  the  nuclear  membrane.  Such  effects  have  not  so  far  been 
studied,  though  a  beginning  has  been  made  by  investigating  the 

If  means  of  tlie  electron 

f '  "  Pf  Tl'ere  liave  been  some  investiga- 

Ztancel  ri  ‘>>e  Case  of 

substances  like  colcineine  wliiel,  inliibits  mitosis,  or  other  sub- 

Cbafl  rr cl  chron.osomes  and  genes  (see 

tl  e  invefbratr  ““  ‘  Hut  on  tlie  whole 

is  in  a  verv  ?  '  <>»  ««  m.cleus 

IS  in  a  very  early  stage  and  reijuires  much  further  work 

It  IS  also  possible  that  substanees  produce  elTeets  at  Xr 
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surfaces  in  the  cell,  e.g.  at  the  surface  of  the  nucleolus,  Golgi 
apparatus,  etc. 

Recent  developments  in  pharmacology  have  concentrated 
attention  on  the  action  of  drugs  at  two  sites,  viz.  (1)  at  the  surface 
of  cells,  i.e.  action  on  membranes,  and  (2)  on  enzymes.  It  is  true 
that  an  action  at  the  cell  surface  will  frequently  produce  its 
ultimate  effects  by  involving  an  enzyme  system.  Much  has 
been  learned  about  the  properties  of  the  cell  surface  and  it  seems 
likely  that  specific  areas  exist  capable  of  combining  with  certain 
substances,  and  that  such  combination  is  followed  by  action  on 
the  cell. 

Modern  pharmacology  has  seen  the  development  of  the  con¬ 
cept  of  Ehrlich  that  drugs  can  unite  with  specific  receptors  and 
that  this  occurs  only  when  the  drug  and  the  receptor  fit  one 
another  in  the  same  kind  of  w’ay  as  a  key  fits  into  a  lock,  though  it 
must  be  emphasized  that  we  know  very  little  about  the  nature 
of  these  receptors  and  their  physico-chemical  constitution.  It 
seems  likely,  however,  that  such  receptors  can  at  least  be  part  of. 
and  localized  on,  the  surface  of  the  cell,  or  they  may  be  part  of  an 
enzyme  system.  A  further  development  of  this  idea  is  that  a 
receptor  rnay  be  occupied  not  only  by  a  specific  substance  which 
fits  accurately  on  to  it,  but  also  by  other  substances  rather  similar 
in  chemical  constitution,  which  also  fit  on  to  the  receptor,  though 
less  accurately  ;  if  the  receptor  is  occupied  by  its  appropriate 
specific  substance  which  is  present  in  the  surrounding  medium  or 
substrate,  then  changes  occur  which  ultimately  affect  the  activity 
of  the  cell.  For  example,  a  receptor  in  a  muscle  cell  or  gland  may 
become  occupied  by  a  substance  such  as  acetylcholine,  and  this 
is  then  followed  by  an  action  on  the  cell,  e.g.  contraction  of  the 
muscle,  or  activation  of  glandular  secretion.  The  receptor  may, 
however,  become  occupied  by  some  closekj  similar  chemical  sub¬ 
stance  present  in  the  surrounding  medium  or  substrate  :  no 
further  action  then  occurs  and  the  effect,  e.g.  on  the  muse  e  or 
gland,  is  not  produced.  Ihit  there  is  a  further  important  conse- 
(luence  of  this.  If  the  receptor  is  occupied  by  a  substance  which  is 
inactive,  then  the  appropriate  chemical  substance  can  no  longer 
become  attached  to  it,  even  if  it  is  present  m  " 

medium.  Two  substances  present  m  the  surrounding  medu 
(or  substrate)  can  therefore  compete  for  a  receptor,  and  the  tc 
substrate  competition  has  been  applied  to  this. 
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Properties  of  the  Cell  Membrane 
Tliere  are  many  theories  eoneerning  the  nature  of  the  cell 
membrane,  ineluding  the  one  that  it  does  not  exist.  The  penetra¬ 
tion  of  various  substances  into  cells  is  a  very  complex  question. 
In  addition,  any  theory  about  the  ecll  membrane  must  explain 
certain  other  properties  it  possesses,  notably  its  surface  tension 
and  wetting  properties.  In  all  probability  the  membrane  contains 
lipoid,  cholesterol  and  protein,  possibly  with  the  lipoid  inside  and 
the  protein  outside,  as  suggested  by  Danielli  (1937).  It  seems 
likely  that  some  of  the  j)rotein  in  the  cell  membrane  forms  a 
part  of  enzymes,  i.e.  that  it  makes  up  the  protein  part  of  some 
enzymes.  This  would  explain  the  very  great  speed  with  which 
action  on  cells  can  be  produced,  since  the  enzymes  are  part  of  the 
cell  membrane  and  arc  thus  readily  accessible.  ^Moreover  drugs 
which  are  adsorbed  on  to  the  cell  surface  may  greatly  change  the 
surface  properties,  e.g.  pressure  and  ])otential,  and  this  may 
markedh’’  aflect  the  rate  at  which  chemical  reactions  can  occur  at 
the  cell  surface. 


Substances  can  j)enctrate  inside  the  cell  (i)  by  simple  diffusion 
through  the  membrane,  either  through  an  acpieous  ))hase,  or, 
by  virtue  ol  their  li])oid  sohd)ility.  through  the  lipoid  layer  of  the 
membrane,  (ii)  by  a  j)roeess  of  active  transfer  involving  the 
expenditure  of  energy  (libber,  19-K)).  It  seems  likely  that  certain 
( hemieal  grouj)ings  in  organic  substances  have  a  particular 
atlinity  lor  the  surface  of  the  cell  and  do  not  readily  remain  in  the 
aqueous  phase.  libber  has  applied  the  term  “organophilic- 
hydrophobic”  to  this  part  of  the  molecule.  The  first  step  in  the 
physiological  action  and  penetration  of  substances  is  probablv 
their  anchorage  by  such  groups  in  the  phase  boundary  between  the 
cell  and  its  aqueous  surroundings.  The  substance  may  thus  be¬ 
come  attached  to  a  movable  carrier  which  then  actively  transfers 
It  into  the  cell.  No  more  precise  description  of  this  process  of 
penetration  is  possible  at  the  present  stage  of  knowledge. 

o,.  I  if  ""“'f  i'  certain  drugs  exert  their  actions 

cclli  not  by  pcnetratinj;  into  them  but  by  producing  sonic  effect 

n  tlie  surface.  Drugs  can  be  injected  directly  into  the  cells  by 

fttet ‘^hill  “m  ""'‘"r''  I’y  eases  the 

fhen  «  e  tUs  ’  -  different  from  that  which  results 

nlien  the  cell  is  immersed  in  the  drug.  For  example  narcotics 

ly  rogcii  cyanide  do  not  produce  a  narcotic  or  le’tlial  effect 
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when  injected  into  Amoeba  Proteus,  though  such  an  cfTcet  results 
when  the  amoeba  is  immersed  in  solutions  of  these  drugs.  It  might 
be  supposed  that  such  drugs  spread  uniformly  on  the  surface  of 
the  cell  and  alfeet  all  its  parts  ecpially.  Clark  (i937)  has  calcvdated 
the  minimum  number  of  molecules  of  certain  drugs,  e.g.  adrenaline 
and  acetylcholine,  which  will  produce  an  effect  on  cells  and  has 
shown  that  the  number  is  not  sulhcient  to  cov’cr  the  surface  of  the 
cell.  This  also  applies  to  the  action  of  antiliody  on  bacteria.  These 
drugs  ])resumably  act  by  uniting  with  sj)ccific  receptors  which  form 
only  a  small  fraction  of  the  total  cell  surface.  In  many  cases,  if 
not  always,  such  specific  receptors  will  form  part  of  an  enzyme 
system  and  the  drug  will  thus,  in  the  first  place,  produce  its  effect 
by  modifying  the  activity  of  the  enzyme. 

It  is  noteworthy,  as  Clark  has  pointed  out,  that  such  specific 
receptors  are  found  on  surfaces  much  simpler  than  that  of  the 
cell.  Metallic  surfaces  which  have  catalytic  activity  can  he 
jioisoned  by  small  (piantities  of  certain  substances  which  act  in 
verv  high  dilutions  on  active  patches  of  the  metal  surface  res¬ 
ponsible  for  the  catalytic  action. 

The  Nature  of  Enzymes 

Enzymes  play  a  vital  part  in  controlling  the  activities  of  the 
body  and  the  effects  of  drugs  arc  largely  brought  about  by  their 
actions  on  enzymes.  Some  discussion  of  their  nature  and  properties 
is  therefore  relevant  at  this  point.  Their  main  property  is  that 
they  function  as  true  catalysts  and  very  markedly  accelerate 
the*  rate  of  chemical  reactions.  Thus,  for  example,  catalase  de¬ 
composes  more  than  two  million  molecules  of  hydrogen  peroxide 
per  minute  at  ()°C.  per  active  centre  of  the  enzyme.  Enzymes  may 
be  regarded  as  one  form  of  active  or  functional  proteins.  Such  sub¬ 
stances  are  composed  of  two  main  parts,  viz.  a  large  caiyiet  pait 
which  is  the  protein,  and  one  or  more  smaller  prosthetic  groups 
which  arc  essential  for  the  activity  of  the  whole  molecule.  I  hemo¬ 
globin  is  a  good  example  of  such  an  active  protein  and  is  composed 
of  tliese  two  groups,  viz.  the  protein  and  the  hmmin  part  ot  the 
molecule  actually  concerned  in  the  taking  up  of  oxygen.  Antigenic 
substances  may  also  be  considered  to  be  similar  m  nature  am  m 
this  case  the  hapten  moiety  of  the  molecule  is  equivalent  to  the  pros¬ 
thetic  group  of  the  active  protein.  It  seems  likely  too  tha 
nucleoproteins  which  make  up  the  chromosomes  and  genes  can 
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included  in  this  class  of  substances  and  genetic  methods  may  indeed 
prove  of  value  in  the  investigation  of  the  mechanisms  by  which 
they  are  produced  in  the  cell. 

In  the  case  of  enzynies  we  know'  that  certain  types  of  substances 
are  essential  for  their  activity  by  forming  part  of  the  enzymes. 
It  seems  likely  that  certain  metals  which  are  essential  in  animal 
nutrition  owe  their  importance  to  the  fact  that  they  form  ])art  of  an 
enzyme.  Thus  for  example  iron,  so  essential  in  the  cellular  meta¬ 
bolic  processes,  is  a  component  of  catalase,  peroxidases,  cyto¬ 
chromes  and  lactic  dehydrogenases  ;  manganese  forms  an  integral 
part  of  arginase,  etc.  A  number  of  vitamins  too  have  been 


identified  with  the  j^rosthctic  group  of  an  cir/yme  and  it  is  j)ossible, 
as  Green  has  suggested,  that  all  vitamins  an*  so  essential  for  the 
activity  of  the  body  because  they  form  an  intrinsic  part  of  some 
enzyme  system,  and  are  needed  for  the  continual  renewal  of  the 
eirzyme  which  has  only  a  limited  j)criod  of  life.  It  is  now'  know  n 
that  nicotinamide,  the  anti-pellagra  vitamin,  is  an  essential 
(omponent  ot  coz\mase  w'hich  is  the  coenzyme  of  fermentation  ; 
ribollavine  or  vitamin  is  the  prosthetic  group  of  the  yellow' 
enzyme  which  was  isolated  from  yeast  by  Warburg  ;  the  pros¬ 
thetic  group  o(  carboxylase,  w'hieh  is  concerned  in  the  oxidation 
of  pyruvic  acid,  is  a  dij)hosphorie  ester  of  ancurin  (vitamin  B.)  ; 
and  p\ridoxal  (vitamin  Hg),  in  the  form  of  its  phosphoric  ester,  is 
the  coenzyme  of  tyrosine  decarboxvlase.  :\Ioreovcr  vitamin  ’  V 
n.  the  tonn  of  retiiiioe,  nets  as  a  prosthetie  ffroup  of  the  furietioriai 
protein  m  the  visual  purple  of  the  eye. 

Many  enzymes  are  known  to  be  involved  in  the  edects  of  drujrs. 
In  fact  Green  (liUC)  has  gone  as  far  as  to  postulate  that  “any 
simstancc  which  m  trace  amounts  induces  profound  biological 
effects  does  so  cither  by  participating  in,  or  by  specificallv  affecting 

substances  which  product 
m  the  bodv  by  an  action  on  enzymes  ;  to  this  may  be  added 
lesperidin  and  certain  of  its  derivatives,  which  inhibit  the  action  of 
Inaluronidase  (Beilcr  and  Martin,  1948)  (see  Table  18). 

i  similar  mechanism  is  seen  in  the  relation  of  ana;sthctics  to 
en/Aine  activity,  as  suggested  by  Quastel  (1948).  Accordincr  to  his 
theory  a.uesthetics  reversibly  inhibit  a  part  of  the  res  >ira 

It  i's  likely,  however  ^tlnt  tii  ^1!'?  ’  1^  «'n,p„„ent. 

a...Tsthetiel  “"'y  ">  f'e  action  of 
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In  addition,  of  course,  many  enzymes  are  eonecrned  in  the 
destniciion  and  detoxication  of  drugs.  The  list  of  enzymes  knoM  ii 
to  be  concerned  in  such  })roecsscs  is  gradually  increasing.  An 
interesting  recent  addition  is  the  linding  that  eozymase  (diplios- 
phopyridine  nucleotide)  is  an  imjiortant  factor  in  the  destruction 
of  ocstrone  and  testosterone  by  the  liver  (Coppedge  et  al.,  11)48; 
Sweat  and  Samuels,  1948),  ^Villiams  (1947),  in  his  review 
of  the  metabolism  of  drugs  in  the  body,  shows  (juite  clearly 


'J’Ain.K  13 


Pharmacological  Agent 

Enzyme  inhibited  by  the  agent 

Fluoride 

One  of  the  anterior  pituitary 
hormones 

Cyanide 

F^serine 

Neostigmine 

Chlorinating  agents 
lodoacetic  acid 

Ephedrine 

Phlorhizin 

Gramicidin 

Hesperidin 

Enolase 

I  lexokinase 

Cytochrome  oxidase 

Choline  esterase 

Choline  esterase 

'I'riosephosphoric  dehydrogenase 
Triosephosphorie  dehydrogenase 
Amine  oxidase 

Glucose  phosphorjdasc 

One  of  the  fermentation  enzymes 
involved  in  phosphorylation 
Hyaluronidase 

a-Toxin  of  Clostridium  welchii 
Lj-tic  factor  of  cobra  venom 
Spreading  factor 

One  of  the  toxins  of  Cl,  welchii 

Enzyme  identical  with  agent 

A  lecithinase 

A  lecithinase 

Hyaluronidase 

Collagenasc 

how  often  the  enzymes  concerned  in  these  processes  are  still 

'^Little  is  known  about  the  mechanism  by  which  these  large 
protein  molecules,  enzymes,  antigens  and  genes  produce  hese 
Lhlv  specific  effects.  The  configuration  of  their  surface  is  highl> 
infnortant  and  this  is  no  doulit  jiartly  dependent  on  the  presence  o 
pS!i^;c  or  hapten)  groups,  t.w  whole  hirimng  a 
wliieh  the  substance  acted  upon  fits,  according  to  the  kx  k  and  Ke> 
o<  xeoon't  xv„.k  on  tl.e  d.e.mstry  «1  pro.cn. 
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suggests  that  their  molecules  are  made  up  of  chains  of  polypeptides 
which  can  be  folded  into  a  number  of  stable  configurations. 
Pauling  (1948)  has  developed  the  idea  that  the  actual  folding  of  the 
polypeptide  chain  is  an  important  factor  in  determining  the  pattern 
of  the  active  part  of  the  protein  molecule  and  that  this  can  explain 
the  specific  action  of  enzymes,  the  formation  of  antibodies  which 
interact  specifically  with  the  appropriate  antigen,  and  the  self 
duplicating  power  of  genes  and  viruses.  He  points  out  that 
growing  crystals  are  capable  of  selecting  from  a  complex  mixture 
of  substances  in  solution  just  the  molecules  of  one  kind,  rejecting 
all  the  others.  Thus  pure  crystals  of  sugar  may  deposit  from  a  jam 
in  which  there  are  molecules  of  many  different  substances.  A 
similar  type  of  mechanism  may  explain  the  formation  of  anti¬ 
bodies  by  antigens,  and  the  formation  of  new  molecules  of  genes 
and  viruses.  Enzymes,  he  believes,  are  molecules  that  are  comple¬ 
mentary  in  structure  to  the  activated  complexes  of  the  reactions 
wliich  they  catalyse  ;  the  attraction  of  the  enzyme  molecules  for 
the  activated  complex  would  thus  lead  to  a  decrease  in  its  energy, 
hence  to  a  decrease  in  the  energy  of  activation  of  the  reaction,  and 
finally  to  an  increase  in  the  rate  of  the  reaction.  These  concepts  are 
discussed  in  greater  detail  by  Pauling  in  another  article  (1948)  in 
which  he  suggests  that  the  folding  of  polypeptide  chains  explains 
only  the  formation  of  antibodies  and  that  other  large  biological 
molecules,  such  as  enzymes,  depend  upon  more  deep  seated 
changes  in  structure  to  produce  these  differences  in  specific 
properties. 


Substrate  Competition 

The  general  principles  underlying  the  concepts  of  substrate 
competition  have  already  been  discussed  (see  p.  322).  We  must 
now  consider  how  they  can  be  used  to  explain  the  action  of  some 

drugs,  and  how  they  can  be  made  a  starting  point  for  the  discovery 
of  new  drugs.  ^ 

It  has  been  accepted  for  a  long  time  that  physostigmine  and 
some  related  substances  produce  their  main  effects  by  a  mechanism 
c  ependent  on  substrate  competition,  i.e.  by  competing  with  ac6tyl- 
^rvTh  enzyme,  cholinesterase  (see  Chap.  1).  In  the  same 

TmLes  and  perhaps  other  sympathomimetic 

1  '  ‘  amine  oxidase,  one  of  the  enzymes  which 

destroys  adrenaline  in  the  body. 
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Sulphonamides  and  p-aminobenzoic  Acid 

New  impetus  was  given  to  the  development  of  this  idea  by  the 
work  of  W  oods  and  Fildes  on  the  mode  of  action  of  sulphonamides 
(discussed  in  detail  by  Northey,  1948). 

It  was  found  that  p-aminobenzoie  acid,  which  is  a  natural 
constituent  of  some  living  materials,  e.g.  yeast,  will  inhibit  the 
bacteriostatic  action  of  sulphonamides  on  l)acteria.  As  })-amino- 
benzoic  acid  and  sulphonamides  are  similar  in  chemical  constitu¬ 
tion,  Woods  then  postulated  that  sulphonamides  compete  with 
p-aminobenzoie  acid  for  some  enzyme  receptors  in  the  bacteria. 
In  the  presence  of  a  sulhcient  concentration  of  sulphonamide 
the  bacterial  cell  cannot  take  up  p-aminobenzoic  acid  for  its 
metabolic  recpiirements.  It  is  therefore  deprived  of  this  ^'‘essential 
metabolite''''  and  becomes  incapable  of  growth  and  reproduction  ; 
it  thereupon  falls  a  prey  to  the  natural  defences  of  the  body. 


NH, 

(M 

NH. 

A 

V 

u 

COOH  SOg.NH.R. 


p-aniinobenzoic  Sulphonamide 
Acid 


There  has  been  some  discussion  as  to  what  exactly  is  meant  by 
“essential  metabolite.”  In  connection  with  ])-aminobcnzoic  acid 
the  idea  that  was  originally  developed  suggested  that  this  substance 
is  used  in  synthetic  processes  occurring  during  the  anabolic 
activity  of  the  bacterial  cell  ;  in  other  words,  that  p-aminobcnzoic 
acid  is  eventually  built  up  into  the  protein  framework  ol  the  cell. 
Later  evidence  has  indeed  shown  that  p-aminobenzoic 
be  used  in  the  synthesis  of  folic  acid  (Lampen  and  Jones,  l.UO) 
and  that  this  Synthesis  can  be  inhibited  by  sulphonamides; 
moreover  this  inhibition  is  overcome  in  a  strictly  «>^it^ 
manner  by  p-aminobcnzoic  acid  (Nimmo-Smith  et  al.,  1948).  lU 
amounts  of  p-aminobcnzoic  acid  which  are  present  in  living  »‘‘^tci  la 
and  which  arc  capable  of  inhibiting  the  action  o 
are  however,  minute,  and  barely  sulhcient  to  play  a  signi 
part  in  building  up  the  framework  of  the  cell,  (.reen  has  sugges 


ACTION  OF  SULFIION AMIDES 


that  essential  metabolites,  such  as  p-aminobenzoic  acid,  are  used 
specifically  in  the  building  up  of  certain  enzymes,  and  do  not,  like, 
for  example,  amino  acids  and  fatty  acids,  take  part  in  the  general 
metabolic  activities  of  the  cell.  According  to  this  view,  p-amino¬ 
benzoic  acid  forms  part  of  the  prosthetic  group  of  an  enzyme  and 
is  an  essential  metabolite  by  virtue  of  this  function.  This  would 
account  for  the  fact  that  only  minute  amounts  are  needed  by  the 
cell,  and  are  capable  of  inhibiting  the  action  of  sulphonamides. 
If  this  hypothesis  is  accepted,  p-aminobcnzoic  acid  may  still  become 
part  of  the  folic  acid  molecule,  and  the  known  actions  of  this 
substance  arc  not  incompatible  with  the  possibility  that  it  forms 
])art  of  an  enzyme  system. 

There  has  been  a  good  deal  of  discussion  as  to  why  some  sul¬ 
phonamides  are  more  active  than  others.  Thus  by  some  tests, 
sulphathiazole  and  sulphadiazine  are  about  200  times  as  active 
as  sulphanilamide  in  producing  a  bacteriostatic  action  on  some 
organisms.  If  the  substrate  competition  theory  is  accepted,  then 
it  is  reasonable  to  argue  that  the  more  closely  the  sulphonamide 


resembles  p-aminobenzoic  acid,  the  more  capable  will  it  be  of  com¬ 
peting  with  this  substance  lor  a  specific  rccejitor,  and  therefore  the 
more  active  will  it  be.  A  number  ol  investigations  have  suggested 
that  the  active  form  of  the  sulphonamide  is  the  ionized  form  of  the 
drug  and  that  the  more  active  substances  like  sulj)hathiazole  owe 
their  greater  activity  to  their  greater  degree  of  ionization  (Bell 
and  Robhn,  1942).  \  arious  additions  and  modifications  have  been 
made  to  this  theory  (see  Welch,  1945),  but  the  (piestion  has  not 
been  fully  clarified.  Moreover,  there  is  good  evidence,  discussed  by 
Henry  (1948)  and  by  Sevag  et  ol.  (1943),  that  sulphonamides  inhibit 
other  enzyme  systems,  and  it  is  ipiite  possible  that  this  mav  explain 
some  discrepancies  between  the  theories  discussed  above  and  the 
experimental  observations.  It  is  generally  assumed  that  sulphon- 
aimdes  have  no  syecific  action  on  any  bacteria  and  that  the  more 
active  sulphonamides  affect  a  large  number  of  bacteria,  includimr 
those  which  are  comixaratively  resistant  to  these  drugs,  while  the 
less  active  suliihonamides  have  a  bacteriostatic  action  onlv  on 
organisms  which  are  comparatively  susceptible  to  their  action.*  An 
examination  of  the  data,  and  especially  of  the  relative  actions  of 
various  sulphonamides  on  different  organisms  during  the  develop¬ 
ment  of  resistance,  by  no  means  completely  supports  this  view  and 
IS  possible  that  here  too  alternative  mechanisms  of  action  may 
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be  concerned.  The  remarkable  effect  exerted  by  sulphones,  e.g. 
sulphetrone,  in  leprosy  is  also  difficult  to  explain  on  the  assumption 
that  substances  of  this  group  have  no  specific  actions. 

Other  Antagonists  of  Essential  Metabolites 
The  concept  relating  the  action  of  sulphonamides  to  p-amino- 
benzoic  acid  has  proved  very  valuable  and  has  been  the  starting 
point  for  the  discovery  of  new  chemotherapeutic  substances. 
Search  has  been  made  for  other  substances  essential  for  bacterial 
metabolism,  and  then  for  suitable  analogues,  which  would  compete 
with  the  essential  metabolite  in  the  metabolism  of  the  bacteria  and 
thus  inhibit  their  growth  and  reproduction.  It  is  known,  for 
example,  that  aneurin,  nicotinic  acid  and  nicotinamide,  and 
pantothenic  acid  are  essential  for  the  growth  of  certain  bacteria, 
and  the  analogues,  pyrithiamine,  pyridine  sulphonic  acid  and 
pyridine  sulphonamide  and  pantoyltaurine  were  made  and  found 
cajiable  of  inhibiting  the  growth  of  the  appropriate  organisms. 
The  relations  between  these  various  substances  are  shown  in  the 
formulae  below. 


> 


N 


CH,— 

^  [C^^ 


CH3 

C=C-CH2.CH2.0H 

C — S 
H 


Thiamine  (Aneurin) 


Pyrithiamine 


^-COOH 

S/ 


/\C0.NH2 


/ 


Nicotinic  Acid 


Nicotinamide 


ESSENTIAL  METABOLITE  ANTAOONISTS  :W1 


I^SOj.OH 

V 


Pyridine  Sulphonic  Acid 


/^-SOg.NHg 


Pyridine  Sulplionamide 


CH, 


0  H 


HO.CH, - C - CH.  OH.  C — N-CH2.CH^.C00H 


I 

CH, 


Pantothenic  Acid 


CH, 


0 


HO.CHr-C— CH.OH— C- 
^  I 
CH, 


^-CH2.CH2.S02.0H 
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I'hese  results  have  not  so  far  proved  of  any  practical  importance, 
although  chemotherapeutic  effects  have  been  demonstrated  in 
infected 'animals,  e.g,  by  pantoyltaurine  in  rats,  in  which  the  blood 
level  of  pantothenic  acid  is  suHiciently  low  to  allow  of  inhibition 
by  jiantoyltaurine.  This  emphasizes  the  fact  that  an  analogue 
which  acts  by  substrate  competition  with  a  bacterial  essential 


metabolite  can  be  of  value  only  when  it  does  not  appreciablv 
affect  the  host,  i.e.  the  effect  on  the  invading  organisms  must  be 
selective.  This  is  well  illustrated  by  the  experiments  with  pyri- 
thiamme,  the  analogue  of  vitamin  Bj.  This  substance  inhibits  the 
growth  of  certain  organisms  which  are  dependv'^nt  on  an  external 
supply  of  thiamine.  But  under  suitable  conditions  it  will  also 
rapidly  bring  about  symptoms  of  vitamin  B^  deficiency  in  the  host 
by  competing  with  the  uptake  and  utilization  of  aneurin.  Thus 
the  administration  of  pyrithiamine  to  weanling  rats  leads  to  the 
development  of  progressive  inactivity,  tremors,  weakness  and 
convulsions,  and  death  ensues  within  some  three  days  of  the  first 
appearance  of  the  vitamin  deficiency  (Woolley  and  White,  1943). 

lese  effects  arc  of  course  the  same  as  develoii  in  animals  which 
are  kept  on  a  vitamin  B^  deficient  diet. 
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Folic  Acid  Antagonists 

Interesting  antagonistic  phenomena  have  also  been  obtained 
with  derivatives  of  folic  acid.  This  substance  is  essential  for  the 
growth  of  certain  bacteria,  e.g.  streptococcus  hecalis,  and  there  is 
e\  idence  that  it  plays  a  part  in  the  synthesis  of  desoxyribonucleic 
acid  (Prusoff  et  al.,  1948).  Related  substances  j)roduee  an  anti¬ 
bacterial  action  which  is  antagonized  competitively  by  folic  acid, 
b  or  example,  if  the  pteroyl  nucleus  is  rej)laced  by  the  benzi¬ 
midazole  nucleus,  the  resulting  compound  has  still  some  growth 
promoting  properties  but  if,  in  addition,  the  carboxyl  group  is 
substituted  by  a  sulphonyl  group,  then  the  resulting  substance 
(Derivative  I,  see  below)  becomes  a  metabolite  antagonist  and 
inhibits  the  growdh  of  streptococcus  hecalis  (Edwards  et  al.,  1948). 
Inhibition  of  the  growth  of  various  organisms  has  also  been 
obtained  with  simpler  compounds,  e.g.  derivatives  of  the  pteroyl 
part  of  tlic  folic  acid  (Daniel  et  al.,  1948). 
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Another  antagonist,  wliich  has  been  designated  “7-niethyl  folic 
acid.”  thougli  it  has  not  been  fully  identified  chemically,  has  also 
interesting  properties.  It  antagonizes  the  growth  of  streptococcus 
fa:'calis  and  produces  various  actions  in  animals.  Rats  receiving 
this  substance  dev'elop  symptoms  tyiiical  of  folic  acid  deficiency, 
i.e,  loss  of  weight,  reduction  of  Inemoglobin  and  white  cell  count, 
and  necrotic  and  ulcerative  changes  in  the  mouth.  Administration 
of  folic  acid  reverses  these  effects  (Franklin  ct  oL,  1948).  Another 
observation,  whieh  may  open  up  an  important  field  of  investigation, 
has  been  made  by  Hertz  (1948).  He  found  that  the  growth  of  the 
chick’s  oviduct  in  response  to  mstrogen  administration  rcipiires  an 
ade(|uate  intake  of  folic  acid.  If  chicks,  maintained  on  a  normal 
diet,  are  given  “methyl  folic  acid”  and  treated  with  mstrogen,  the 
growth  of  the  oviduct  is  markedly  inhibited.  Additional  ad¬ 
ministration  of  folic  acid  completely  reverses  this  inhibiting  effect. 
Similar  effects  have  also  been  described  in  frogs  ((ioldsmith  et  nL, 
1948),  in  mice  (Hertz,  quoted  by  (ioldsmith  ct  al.,  1948),  and  in 
rats  (Hertz  and  Tullner,  1949),  Moreover  it  has  been  shown  that 
the  response  to  testosterone  of  the  seminal  vesicles  and  coagu¬ 
lating  glands  in  mice  is  interfered  with  by  the  administration  of  a 
folic  acid  antagonist  ((ioldsmith  et  al.,  1949).  These  results 
suggest  that  the  enzyme  systems  responsible  for  the  growth  of 
certain  sex-organs,  whieh  are  stimulated  by  (X'strogen  or  androgen, 
contain  folic  acid  as  a  prosthetic  grouj).  Hertz  and  Tullner  (1949) 
have  also  found  that  the  response  to  evstrogen  of  the  hen’s  oviduct 
is  inhibited  by  an  adenine  analogue,  ‘2,  G-diaminoj)urine  :  this  effect 
is  reversed  by  adenine  (G-aminopurine)  but  not  by  folic  acid.  As 
these  authors  state,  sueh  observations  should  provide  a  useful 
expel imental  tool  for  the  study  of  the  basic  metabolic  mechanisms 
involved  in  growth  jirocesses  in  hormone-sensitive  tissues. 

Significance  in  Malignant  Disease.  A  similar  line  of  attack 
might  well  lead  to  the  eontrol  of  growth  of  other  tissues,  and 
indeed  (ioldsmith  et  al.  (1948)  have  found  that  the  development 
of  drosophila  larva'  into  adults  is  jirevented  by  folic  acid  analogues. 
It  IS  also  possible  that  the  administration  of  suitable  antagonists 
might  interfere  with  the  growth  of  malignant  tissue.  Welch  (1945) 
discusses  a  number  of  eases  in  which  amino  acids  and  related 
substances  are  competitively  coneerned  in  the  growth  of  bacteria 
and  aimnals.  Sulphonic  acid  derivatives  of  various  amino  acids 
have  l)ccn  adnimistercd  to  mice  with  tumours  in  the  hope  of 
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inhibiting  their  growth,  which  is  so  much  more  rapid  tliaii  that  of 
the  rest  of  the  body,  and  which  would  therefore  be  expected  to  In; 
more  easily  affected  by  an  interferenee  with  the  assimilation  of 
amino  acids  ;  unfortunately  no  appreciable  effeet  on  the  growtli 

of  these  tumours  has  been  produeed  (Greenberg  and  Schulman 
1947). 

It  has,  however,  been  shown  that  folic  acid  is  essential  for  the 
growth  of  the  Rous  sarcoma  in  chickens,  and  that  this  growth  can 
be  inhibited  by  the  administration  of  folic  acid  antagonists  in  doses 
which  do  not  produce  any  symptoms  of  vitamin  deficiency  (Little 
et  al.,  1948).  The  growth  of  a  transplantable  mouse  sarcoma  has 
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also  been  inhibited  by  the  administration  of  a  folic  acid  antagonist, 
4-amino-N^°-methyl  jiteroylglutamic  acid,  also  called  A-metho- 
pterin  (Moore  et  al.,  1949). 

A  number  of  purine  analogues  have  also  been  made  in  the  hope 
that  they  would  be  incorporated  in  the  nucleoprotein  and  thus, 
perhaps  selectively,  inhibit  the  multiplication  of  certain  types  of 
cells.  This  has  led  to  some  very  interesting  results.  It  has  been 
found  that  one  of  these  purine  analogues,  called  guanozolo  (which 
is  5-amino-7-hydroxy-lH-v-triazolo  [d]  pyrimidine)  produces  very 
marked  inhibition  of  growth  of  malignant  disease  in  mice  :  so 
far  this  effect  has  been  shown  in  three  types  of  tumours,  viz.  a 
transplanted  adenocarcinoma,  a  spontaneous  mammary  cancer  aiu 
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a  lymphoid  leukaemia.  The  treatment  does  not  cause  the  death  of 
the  malignant  cells  but  only  checks  their  growth,  as  has  been 
shown  by  pathological  examination  (Kidder  et  al.,  1949).  The 
results  of  further  experiments  now  in  progress  will  be  eagerly^ 
awaited,  and  their  possible  clinical  significance  is  obvioiis. 


Vitamin  K  and  Dicoumarol 

There  are  many  other  pharmacological  actions  which  can  be 
explained  by  the  theory  of  substrate  competition.  In  some  cases 
the  evidence  is  very  good  while  in  others  it  is  at  present  only 
suggestive.  It  seems  very  likely  that  the  action  of  dicoumarol 
(discussed  in  Chap.  14)  is  due  to  an  interference  with  the  function 
of  vitamin  K.  This  vitamin  is  essential  for  the  formation  of 
prothrombin  (Warner  et  al.,  1936).  It  may  thus,  like  some  other 
vitamins  already  discussed,  act  as  a  prosthetic  group  in  the  enzyme 
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system  responsible  for  the  synthesis  of  prothrombin.  As  can  be 
seen  from  the  formuhe  shown  above,  the  half  molecule  of  di¬ 
coumarol  is  similar  in  chemical  structure  to  vitamin  K  and 
probably  acts  by  competing  with  it  in  the  enzyme  system.  It  is 
known  that  the  effects  produced  by  dicoumarol  can  be  antagonized 
by  the  administration  of  large  doses  of  vitamin  K  or  of  menaph- 
thone,  the  synthetic  analogue  of  vitamin  K  wdiich  has  the  same 
physiological  actions  (see  p.  318). 


Anti-histamine  Drugs 

It  is  possible  that  the  action  of  anti-histamine  drugs  can  also  be 
expl^amed  by  substrate  competition,  and  this  question  is  reviewed 
by  Gaddum  (1948).  The  clinical  use  of  these  substances  is  discussed 
m  Uiap  3.  In  some  cases,  e.g.  mepyramine,  which  is  one  of  the 
most  active  of  the  anti-histarnines,  the  resemblance  to  histamine 
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in  part  of  the  formula  is  ({uite  striking,  but  with  other  substances, 
e.g.  benadryl,  the  similarity  is  by  no  means  convincing.  The 
resemblance  to  histamine  is  still  more  strained,  if  existent  at  all, 
in  the  group  of  substances  based  on  the  pyridindene  nucleus,  e.g. 
thephorin  (Lehmann,  1948). 

If  it  could  be  shown  that  these  anti-histamine  substances  protect 
histamine  against  destruction  by  the  enzyme  histaminase  (diamine 
oxidase)  this  would  support  the  view  that  they  can  compete 
for  and  occupy  the  same  reeej^tor.  Kapeller- Adler  (1949)  has 
investigated  this  (juestion  and  found  that  some  anti-histamine 
substances,  e.g.  antistin,  do  actually  exert  such  a  protective  action, 
whereas  others,  including  the  very  active  mepyramine,  do  not. 
All  these  findings  suggest  that  the  mode  of  action  of  the  anti¬ 
histamines  is  more  complex  than  merely  simple  competition  for  a 
receptor. 


Dimercaprol  (BAL) 

One  of  the  more  interesting  examples  of  substrate  competition 
which  has  proved  of  practical  value  is  that  which  involves  BAL,  or 
British  Anti-Lewisite,  so  named  by  the  Americans  during  the  war. 
Unlike  the  other  reactions  so  far  discussed,  BAL  does  not  compete 
with  the  normal  substrate  for  an  enzyme  receptor,  but  actually 
competes  with  the  enzyme  for  the  substrate.  These  relationships 
are  illustrated  in  Fig.  41. 

This  work  was  made  possible  by  the  fundamental  observations 
of  Peters  and  his  co-workers,  and  of  Voegtlin  and  his  colleagues, 
which  suggested  that  arsenicals  produce  their  toxic  effects  by 
reacting  with  certain  essential  thiol  compounds  present  in  proto¬ 
plasm,  probably  — SH  components  of  the  pyruvate  oxidase 
enzyme  system  (see  Peters,  1948).  These  eflects  were  demonstrated 
both  in  vitro  and  in  vivo.  This  led  to  the  search  for  substances 
with  — SII  groups  which  would  compete  with  the  — SH  groups 
of  the  enzyme  for  the  arsenical,  but  none  of  the  thiol  com- 
pounds  tested  at  first,  e.g.  glutathione,  diethyldithiocarbamate, 
proved  to  be  of  any  value.  Further  work,  however,  suggested  that 
lewisite  and  trivalent  arsenicals  combine  with  txvo  essential  — SH 
groups  in  the  enzyme  system  to  form  stable  arsenical  rings  o 
the  type  shown  below,  such  compounds  being  more  stable  than 
compounds  of  an  arsenical  with  two  molecules  of  a  monothiol 

compound. 
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Stocken  aiul  Tliompson  (1946)  jjreparcd  a  number  of  dithiol 
compounds  and  tested  their  ellicacy  in  antagonizing  the  action  ot 
lewisite.  They  found  that  2  :  3  dimercaptopropanol,  which  is  an 
oil  with  good  power  of  penetration  into  tissues,  was  effective  in 
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(1)  Two  substances  (e.g.  p-aminobenzoic  acid  and  a 
su  phonamide)  competing  for  an  enzyme  receptor. 

receptor  (containing  two  SH  groups)  and 
liAL  (a  dithiol)  competing  for  a  metallic  jioison  (e.g. 

an  arsenical). 
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l)reventing  the  vesicant  action  of  lewisite  on  the  skin.  The  reaction 
which  involves  the  union  of  two  — SH  groups  with  the  arsenic 
is  as  follows  : —  ’ 


IIoC - SH 

H  —  C - SH+Cl,As.CH:CHCl 
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II2C .  OH 
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Further  work  showed  that  BAL  can  not  only  compete  with  the 
tissue  thiol  groups  for  the  arsenical  but  can  even  reverse  the  re¬ 
action,  provided  it  had  occurred  fairly  recently,  e.g.  within  about 
1-2  hours.  The  treatment  with  BAL  is  followed  by  a  marked 
increase  in  the  excretion  of  arsenic  in  the  urine  (Stocken  and 
Thompson,  194-6).  It  is  of  interest  that  tissue  cultures  poisoned 
with  lewisite  largely  recover  when  treated  with  BAL,  showing 
that  the  effect  can  be  exerted  directly  on  cells  (Fell  and  Allsopp, 
1941).  BAL  not  only  forms  stable  compounds  with  arsenoxides, 
but  also  with  a  number  of  metals,  c.g.  gold,  lead,  bismuth  and 
mercury,  and  might  therefore  be  expected  to  be  of  value  in  the 
treatment  of  poisoning  with  these  metals.  Pjxpcrimental  evidence 
in  rabbits  shows  that  BAI^  is  an  effective  antidote  in  acute 
poisoning  caused  by  antimony,  bismuth,  chromium,  nickel  and 
mercury,  but  is  ineffective  against  lead,  thallium  and  selenium  ; 
indeed,  in  the  case  of  lead  and  selenium  BAL  appears  to  produce 
an  additive  toxic  action  (Braun  et  al.,  1946).  ^Veatherall  (1948) 
finds  that  BAL  glycoside  does  apparently  reduce  the  mortality  in 
animals  poisoned  with  lead  acetate,  but  concludes  that  the  avail¬ 
able  evidence  does  not  warrant  the  use  of  BAL  in  clinical  plumbism. 
Similar  results  have  been  obtained  by  Germuth  and  Eagle  (1948). 
They  also  found,  however,  that  BAL  strikingly  inercases  the  ex¬ 
cretion  of  lead  and  believe  that  this  justifies  its  cautious 
therapeutic  trial  in  cases  of  lead  poisoning.  BAL  is  of  value  m 
jirotecting  animals  from  the  systemic  effects  of  cadmium,  but 
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ai)|)ears  to  form  toxic  complexes  with  this  metal  which  give  rise 
to  serious  renal  damage  (Gilman  et  al.,  1946).  Protection  in  rats 
poisoned  with  gold  salts  has  been  demonstrated  by  Gillmor  and 
Frey  berg  (1948), 

h>xperimentaily  it  has  been  shown  that  liAL  can  give  })rotection 
against  substances  other  than  metals,  e.g.  methyl-iodide  (Buckell, 
1949)  and  methyl  naphthoquinone  (Richert  and  Bass,  1949). 

BAL  is  by  no  means  entirely  non-toxic  and  cannot  be  injected 
intravenously.  A  less  toxic  compound,  a  glycoside,  has  been 
prepared  and  named  BAL-intrav.,  as  it  is  suitable  for  intravenous 
injection  (Danielli  et  al.,  1947).  It  is  possible  that  this  compound 
may  prove  of  value  in  the  treatment  of  the  acute  stages  of  metallic 
poisoning. 


Clinical  Use 

BAL  is  a  colourless  oil,  soluble  in  fat  solv'ents,  and  soluble  in 
water  to  the  extent  of  about  6  per  cent.  It  is  usually  administered 
intramuscularly  as  a  5  per  cent  or  10  per  cent  solution  in  arachis 
oil  and  benzyl  benzoate.  The  question  of  dosage  requires  con¬ 
sideration  as  BAL  itself  will  produce  toxic  elfects  in  amounts  not 
far  above  the  therapeutic  level.  In  man,  doses  between  3  and  5 
mg./kg.  have  produeed  some  toxic  reactions,  but  with  single  doses 
up  to  8  mg./kg.  the  effects,  which  include  lacrimation,  salivation, 
vomiting  and  rise  in  blood  pressure,  last  only  a  few  hours.  When 
applied  to  the  skin  BAL  may  produce  irritation  and  wheal  forma¬ 
tion,  and  allergic  sensitization  to  BAL  does  occur. 

BAL  is  rapidly  metabolized  and  excreted  in  the  urine  as  a 
closely  related  thiol  (Spray  et  al,  l‘)47).  Other  pharmacological 
actions  arc  described  in  a  supplement  to  the  Journal  of  Pharma- 
co/ogy,  1J)4G,  87,  Xo.  4,  and  by  (fraham  and  Hood  (1948).  A  method 

ina^  ^  I^AL  in  blood  is  described  bv  Aldridge 

(1948).  According  to  Modell  et  al.  (1946)  no  significant  Cumulation 
occurs  III  man  when  the  drug  is  given  in  doses  of  5  mg./kg.  at  three 

Hive?;'  firsrT  ?’  1  therefore,  BAL  has  usuallv  been 

?•“’  after  the  first  dav,  in 

of  1  .5  m//k?rr'rr-‘  have  been  of  the  order 

U.S  A  (vJterH  have  been  administered  in  the 

.  {  eters,  1.14/  ,  Sulzberger  and  Baer,  1947)  It  can  also  br 

^  •"flamed  skin  (Longcope  et  al.,  1946). 
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liAL  lias  been  found  of  value  in  poisoning  with  arsemcals  of 
various  types,  e.g.  niapharsen,  phenyl  arsenoxide,  lewisite. 
Striking  effects,  illustrated  in  Fig.  42,  have  been  observed  in  cases 
of  exfoliative  dermatitis  (Carleton  et  al.,  1948).  BAL  has  been 
of  value  in  ])oisoning  with  mercuric  chloride  and  great  importance 
is  here  attached  to  prompt  treatment  (Longeope  and  Luetscher, 
1946).  The  drug  has  also  been  used  to  treat  toxic  reactions  due  to 
the  administration  of  gold  {Lancet,  1947),  lead  (Telfer,  1947), 
bismuth  (C'ormia  and  Blauner,  1947),  cadmium  and  zinc  (men¬ 
tioned  by  Pfeiffer  and  Loew',  1947)  and  tellurium  (Amdur,  1947; 
Mazzei  and  Sehaposnik,  1949). 

Carinamide  (Caronamide) 

This  drug  is  used  to  decrease  the  excretion  of  jicnieillin  and  its 
therapeutic  uses  are  discussed  in  Chap.  7.  Its  mode  of  action  is 
interesting  and  apparently  involves  a  competitive  mechanism  in 
the  renal  tubules.  Of  the  penicillin  excreted  by  the  kidney,  about 


Carinamide 


80  per  cent  is  eliminated  through  the  renal  tubule  and  only  about 
20  per  cent  by  the  glomeruli  (Beyer,  1947).  This  led  to  the  search 
for  drugs  which  would  interfere  with  tubular  aeti\'ity  and  thus 
decrease  the  excretion  of  penicillin.  Two  drugs,  viz.  diodone 
(diiodopyridone  acetic  acid  diethanolamine)  (Uammclkami)  and 
Bradley,  1943)  and  p-aminohippuric  acid  (Beyer  et  al.,  1944),  were 
found  to  have  such  an  effect,  acting  by  competing  for  the  transport 
mechanism.  Carinamide  (4'-carboxylphenyl-methane  sulphon- 
anilide)  is  even  more  specific  in  its  action  and  apparently  i)roduces 
its  effect  by  blocking  the  specific  enzyme  transi)ort  system  res- 
for  the  nassaire  of  Dcnieillin  through  the  tubular  cells. 
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The  discovery  ol'  tliis  drug  will  no  doubt  lead  to  the  search  for 
substances  ca})able  of  inhibiting  the  secretory  activity  of  other 
types  of  cells,  by  interfering  with  the  appropriate  enzyme  system. 
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CHAPTER  16 


METHODS  OF  STUDYING  THE  FATE  OF 
DRUGS  IN  THE  BODY 


One  of  the  important  advances  in  modern  pharmacology  is  tlie 
progress  that  has  been  made  in  studying  the  fate  of  various 
substances  in  the  body ;  this  has  involved  the  use  of  many 
new  techniques.  The  findings  have  been  of  value  not  only  in 
increasing  our  understanding  of  the  mechanism  by  which  drugs 
act,  but  also  in  the  more  successful  application  of  drugs  in  thera¬ 
peutics.  A  simple  example  will  illustrate  this  point.  Various 
methods  have  been  devised  for  detecting  and  estimating  sul- 
])honamides  in  tissues  and  fluids.  Such  methods  have  been  of  value 
in  studying  the  interaction  between  sulphonamides  and  p-amino- 
benzoic  acid  in  vivo,  and  in  showing  that  the  antagonism  between 
these  two  substances  demonstrated  in  vitro  also  holds  in  the  intact 
animal.  They  have  therefore  helped  in  elucidating  the  mechanism 
of  action  of  the  drug.  In  practice  the  estimation  of  sulphonamides 
in  the  blood,  etc.,  has  been  of  value  in  deciding  whether,  with  the 
dosage  given,  the  necessary  chemotherapeutic  concentration  has 
been  reached  ;  it  has  also  been  shown  that  by  the  local  application 
of  the  drug  to  certain  tissues  much  higher  concentrations  can  be 
l^roduced  locally,  and  thus  lead  to  a  very  effective  chemothera¬ 
peutic  action.  This  has  been  well  demonstrated  for  example  in 
the  treatment  of  ocular  infections. 

The  measurements  that  have  been  made  have  thus  given 

information  about : —  . 

(1)  The  mode  of  action  of  the  drug,  e.g.  whether  it  is  actually 

the  active  Tirinciple  or  whether  it  is  changed  in  the  body  to  some 
substance  which  is  responsible  for  the  effect  produced.  The  various 
ehanges  whieh  occur  in  the  body  in  jicnta valent  and  tnvalent 

organic  arsenicals  are  good  illustrations.  • 

(2)  The  site  of  action  of  the  drug.  Sometimes  this  is  a  siiupie 

matter  to  determine,  e.g.  when  a  drug  acts  m  the  bloot .  u  ^ 
other  cases  the  matter  is  more  diflieult  and  considerable  mg 
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has  been  used  in  tracing  drugs  in  various  tissues.  For  example, 
acetylcholine  containing  radioactive  nitrogen  has  been  used  to 
determine  whether  this  substance  penetrates  through  the  mem¬ 
brane  of  nerves.  It  is  remarkable,  however,  that  even  in  w'ell 
known  fields  of  therapy  information  is  sometimes  laeking.  There 
is,  for  example,  little  knowledge  about  the  penetration  of  arsenicals 
into  the  eye,  even  though  these  substanees  are  widely  used  in  the 
treatment  of  syphilitic  ocular  lesions. 

(3)  The  concentrations  of  drugs  that  arc  necessary  to  jiroduce 
certain  effects,  and  the  period  of  time  during  whieh  these  con¬ 
centrations  must  be  maintained.  Some  drugs  act  in  very  low 
concentrations  and  hence  the  methods  needed  for  their  identifica¬ 
tion  and  assay  must  be  very  delicate.  Very  frequently,  with  the 
introduction  of  a  new  substance,  it  is  necessary  to  devise  methods 
for  its  assay  in  body  fluids  and  tissues.  Penieillin,  streptomycin 
and  proguanil  are  good  examples  of  this. 

The  main  methods  which  are  used  for  the  identifieation,  assay 
and  localization  of  drugs  can  be  discussed  under  three  headings, 
viz.,  physical,  chemical  and  biological.  It  may  be  added  that, 
though  we  have  much  knowledge  about  the  distribution  of  drugs 
in  the  extracellular  fluids,  we  know  comjiaratively  little  about 
their  penetration  and  distribution  in  cells  and  this  must  represent 
an  important  field  of  investigation  in  pharmaeologv. 


(1)  Physical  Methods 

I  he  most  important  of  these  depends  on  the  use  of  isotopes  and 
this  will  be  discussed  in  detail  below.  Other  methods  too  are 
highly  sensitive  and  have  given  interesting  results. 

Some  substances  show  fluorescence  in  ultra-violet  light,  e.g. 
mepacrine  and  quinine,  and  this  has  been  used  for  their  localization 
m  tissues.  Helander  (1945)  has  used  this  method  for  detecting  the 
presence  of  various  sulphonamides  in  different  organs.  Eeautiful 
microphotographs  show  the  presence  of  sulphonamides  in  kidnev 
cells  as  well  as  in  the  lumen  of  the  tubules,  and  also  illustrate  tlm 
aflinity  of  one  of  these  drugs,  prontosil,  for  collagen  and  elastic 
bres  ;  hi^gh  concentrations  of  prontosil  are  thus  produced  and 
stored  the  hinp  tendons,  skin,  ligaments  and  elastic  cartilage. 

Ikachet  (194/)  discusses  some  recently  developed  methods  for 

(  ee  Brachet,  1 J47)  has  elaborated  a  physical  method  for  detecting 

o 


346  THE  FATE  OF  DRUGS  IN  THE  BODY 

nucleic  acids  in  the  cell.  These  siibstanees  have  an  absorption 
band  in  the  ultra-violet  light  with  a  maximum  at  about  2,650  A. 
Caspersson  has  measured  the  absorption  spectrum,  in  ultra-violet 
light,  of  particles  of  a  diameter  as  small  as  0. 1  ^  and  has  thus  been 
able  to  determine  the  distribution  of  nucleie  acids  in  the  cell 
nueleus  and  cytoplasm  under  various  conditions.  The  results 
have  been  of  particular  interest  in  the  study  of  the  role  of  nucleic 
acid  in  cell  division.  A  similar  method  could  be  used  for  other 
substances  which  have  a  definite  absorption  spectrum. 

The  polarographic  method,  which  was  developed  by  Ileyrovsky 
more  than  20  years  ago,  is  now'  being  applied  to  the  assay  of  sub¬ 
stances  of  biological  interest  e.g.  steroids.  The  method  is  based 
on  the  interpretation  of  the  current  voltage  weaves  that  are  obtained 
w'hen  solutions  of  electro-reducible  or  electro-oxidisable  substances 
are  hydrolysed  in  a  cell  in  w'hich  one  electrode  consists  of  mercury 
falling  in  drops  from  a  very  fine  bore  capillary  glass  tube.  From 
the  characteristics  of  such  curves  both  the  type  of  substances 
present  in  the  solution  and  their  concentration  can  be  determined. 
The  method  is  specially  suitable  for  small  concentrations  and  since 
the  analysis  can  be  performed  with  a  very  small  volume  of  solution, 
mere  traces  of  substances  can  be  determined.  The  subject  is 
discussed  in  detail  in  the  book  by  Kolthoff  and  Lingane  (1946). 

(2)  Chemical  Methods 

These  are  in  general  a  good  deal  less  sensitive  than  the  physical 
or  biological  methods.  Very  often  the  substances  are  estimated 
after  suitable  extraction  from  tissues  or  fluids.  Chemical  reactions 
leading  to  the  development  of  a  colour  are  frequently  employed  : 
the  depth  of  the  colour  is  most  accurately  determined  by  means  of 
photo-electric  methods. 

Methods  for  estimating  very  small  quantities  of  substances 
have  been  elaborated  by  Linderstrom-Lang  and  Holter,  and  by 
other  investigators,  and  are  discussed  in  the  book  by  Bracket 
mentioned  above.  With  micro-titration  methods,  for  example, 
amounts  of  ammonia  of  less  than  0.3  can  be  estimated  with  an 
accuracy  greater  than  ±0.005  /xg.  Colorimetric  and  volumetric 
methods  capable  of  being  applied  to  very  small  quantities  of 
material  have  also  been  developed.  For  example,  Heatley  et  al. 
(1939)  have  described  a  micromanometer  in  which  1  mm.  on  tie 
scale  corresponds  to  0.004  to  0.008  cubic  millimeters  of  a  gas. 
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;j47 

Another  metliod  by  which  small  <]uantities  of  substances  can  be 
demonstrated  and  roughly  assayed  in  tissues  is  by  staining  them 
in  situ  {cytochcniical  method).  The  substance  has,  of  course, 
first  to  be  fixed  in  jiosition,  and  the  substance  or  grouping  to  be 
detected  must  react  specifically  with  another  substance  to  give  a 
colour  which  is  then  observed  under  the  microscope.  Such  methods 
have  been  used  to  detect  proteins,  lipoid,  glycogen  and  ascorbic 
acid ;  also  enzymes  of  various  tyjies,  including  respiratory 
enzymes,  ribonuclease  and,  very  recently,  choline  esterase  (Koelle 
and  Friedcnwald,  1949).  They  have  been  applied  recently  to 
study  the  site  of  origin  of  various  hormones  in  the  ovaries  and  the 
placenta.  Claesson  and  Ilillarj)  (1947)  have,  by  such  methods, 
obtained  evidence  which  suggests  that  the  secretion  of  erstrogeu 
by  the  ovary  is  accompanied  by  the  disapjiearanee  of  a  steroid 
])rceursor  stored  in  the  organ,  while  \Vhslocki  and  Bennett  (1943) 
have  extensively  studied  the  placenta  histologically  in  the  human 
and  monkey  and  conclude,  very  tentatively,  that  gonadotrophin 
is  jiroduced  in  the  cytotrophoblast  and  the  steroid  hormones  in 
the  syncytium.  Similar  methods  are  also  being  used  to  study  the 
secretory  activity  of  the  adrenal  cortex  (Circep  and  Deane,  1947  • 
Kar,  1947). 


(3)  Biological  Methods 

The  methods  so  far  described  may  not  be  suitable  for  the  assay 
of  small  quantities  of  certain  substances,  but  sometimes  this  may 
be  done  by  measuring  the  biological  effect  which  they  produce, 
preferably  m  comparison  with  the  effect  produced  by  a  known 
preparation  of  the  substance  under  test.  This  method  has  been 
used  verj'  extensively  in  modern  pharmacology  and  has  made  it 
possible  to  follow  the  fate  in  the  body,  and  rate  and  mechanism 
of  elimination,  of  substances  like  histamine,  acetylcholine,  some 
lormones  and  \itamnis  and  various  antibiotics 
Biological  methods  can  be  very  sensitive  but  are  also  usiiallv 
nnbersome  and  tune  consuming,  and  are  therefore,  as  a  rule 

C  arkTlOTT)  C  1  “■  xatisfactorv! 

t  ark  (1937)  has  discussed  the  minimum  concentrations  of  drims 

at  Pitmtary  extract  are  active 

son.  evMenee  tin:  ^ 
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As  Clark  remarks,  this  is  not  so  surprising  since  a  solution  of,  for 
example,  adrenaline  at  a  dilution  of  1  in  will  still  contain 
300, 000  molecules  per  ml.  An  interesting  example  of  a  substance 
acting  in  very  small  amounts  is  that  of  the  hiemopoietic  factor  of 
the  liver  which  produces  an  effect  in  man  in  a  dose  as  small  as  Ijig. 
It  will  produce  an  effect  on  the  growth  of  an  organism,  L.  lactis, 
in  concentrations  of  about  1  part  in  10'^^  (Rickes  et  al.,  1948), 

One  difhculty  with  biological  effects  is  that  they  may  not 
be  very  specific.  For  example,  histamine  produces  a  contraction 
of  the  guinea  pig’s  intestine  and  tissue  extracts  have  been  assayed 
for  their  histamine  content  by  this  method.  There  are,  however, 
several  other  substances  which  will  produce  this  effect  and  which 
may  be  present  in  tissue  extracts.  Various  methods  are  used  to 
get  over  this  difficulty.  lu  the  first  place,  the  extract  may  be 
treated  chemically  by  methods  which  will  destroy  other  sub¬ 
stances  likely  to  be  present,  and  yet  have  no  appreciable  effect 
on  the  substance  to  be  tested.  Secondly,  the  effect  of  the  extract 
may  be  tested  in  the  presence  of  a  substance  known  to  inhibit 
the  active  principle  in  a  more  or  less  specific  manner.  For  example, 
if  the  effect  is  abolished  by  atropine  it  is  probably  due  to  acetyl¬ 
choline  or  some  similar  active  principle  ;  and  if  the  effect  is 
decreased  or  abolished  by  anti-histamine  substances,  e.g.  niep\ 
ramine,  then  this  will  support  the  belief  that  the  active  principle 

is  histamine. 

Another  important  method  is  to  test  the  extract  on  several 
different  tissues.  For  example,  extracts  which  are  believed  to 
contain  adrenaline  can  be  assayed  for  their  adrenaline  content 
on  the  frog’s  heart  which  is  stimulated,  the  rabbit’s  small  intestine 
which  is  inhibited,  and  the  cat’s  blood  pressure  which  is  raised 
The  effects  produced  in  these  varitius  experiments  can  be  compare! 
with  those  iiroduccd  by  a  standard  solution  of  adrenaline.  It  le 
results  obtained  in  the  different  tests  are  in  substantial  agreement, 
i  e  if  they  all  show  that  the  extract  contains  the  same  concentra¬ 
tion  of  adrenaline,  this  will  strengthen  the  conclusion  that  what 
was  assaved  in  the  extract  was,  in  actual  fact,  adrenaline. 

Diological  nietlio<ls  <>f  assay  have  been  of  great  value  in  inncle. 
work  with  antihiotic  substances.  Here  sensitive  organisms  serve 
as  a  test  object  and  the  clfect  on  tlieir  growtii  ot  a  ti.ssue  Ihnd 
extract  containing  tlie  antibiotic  is  compared  witli  tliat  of  stain  ^ 
solutions  of  the  antibiotic  under  investigation. 


It  is  only  by  the 


BIOLOGICAL  METHODS  -‘HI) 

use  of  such  methods  that  the  extensive  work  on  the  rate  of 
absorption,  metabolism  and  exeretion  of  substanees  sueh  as 
])enieillin  and  streptomyein  has  been  possible.  These,  like  all 
biological  methods,  are  very  time  consuming  and  attempts  have 
been  made  to  develoji  ehemieal  methods  by  whieh  such  antibiotic 
substances  could  be  assayed.  One  such  method  has  been  elaborated 
for  streptomyein  and  is  being  investigated  for  the  determination  of 
this  substance  in  tissue  fluids  (Boxer  et  al.,  1048). 


Isotopes' 

This  is  a  subject  which  has  advanced  very  rapidly  and  the 
methods  developed  are  of  value  in  many  fields  of  scientific 
investigation,  not  all,  unfortunately,  beneficial  to  man.  The 
principle  of  these  methods  will  first  be  discussed  and  their  a))plica- 
tion  to  the  jiroblcms  of  pharmacology  in  particular  will  then  be 
considered.  As  will  be  seen  the  main  advantages  of  the  isotope 
methods  are  (1)  that  they  are  very  sensitiv'e  and  hence  very  high 
dilutions  of  substances  introduced  into  the  body  can  be  detected, 
and  (2)  that  the  introduction  of  an  isotope  into  a  substance  does 
not  in  any  way  change  its  chemical  properties  ;  thus  the  body 
cannot  distinguish  between  two  substances,  one  of  which  is  a 
normal  constituent  and  the  other  the  same  substance  containing 
an  isotope.  ^ 

Physical  Basis 

All  chemical  elements  have  three  essential  constituents,  namely 
the  protons  and  neutrons  which  constitute  the  nucleus,  and  the 
electrons  which  surround  the  nucleus.  The  proton  carries  one 
positive  electric  charge  and  the  electron  carries  a  negative 
electric  charge.  The  neutron  carries  no  charge  and  therefore  passes 
through  an  electric  field  without  deflection.  For  that  reason 
neutrons  are  jmrtieularly  suitable  tor  bombarding  the  nuclei  of 
atoms,  since  they  will  not  be  deflected  by  charges  in  the  atoms, 
and  thus  will  be  capable  of  getting  at  and  hitting  the  nucleus. 
1  he  mass  of  the  })roton  and  neutron  is  al)out  the  same,  but  that  of 
the  electron  is  much  smaller,  viz.  about  l/2,()()()th  that  of  the  proton 
or  neutron.  The  nucleus  of  an  atom  occupies  only  a  verv  small 
space  as  compared  with  the  whole  atom  :  if  the  nucleus  be  regarded 
as  a  sphere  about  1  cm.  in  diameter,  then  the  average  electron  is. 
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in  comparison,  about  lOO  metres  awav,  i.e.  atoms  are  really  very 
empty  structures. 

The  atomie  weight  of  an  element  is  essentially  dependent  on  the 
total  number  of  protons  and  neutrons  it  contains.  But  its  atomic 
number,  and  hence  its  chemical  properties,  depends  on  the  number 
of  peripheral  electrons  (carrying  negative  charges)  which  equals 
the  number  of  protons  in  the  nucleus  (carrying  positive  charges), 
since  the  atom  is  electrically  neutral.  The  atomic  numbers  of  the 
elements  vary  from  \  to  92.  It  is  obvious  that  the  addition  or 
subtraction  of  a  neutron  from  an  atom  will  not  alter  the  charge  in 
the  nucleus  or  the  number  of  electrons  in  the  atom.  Hence  its 
chemical  properties  will  remain  unaltered  even  though  its  atomic 
weight  is  changed.  It  is  thus  possible  to  have  two  or  more  atoms 
which  have  the  same  atomic  number,  the  same  chemical  properties, 
but  different  atomic  weights,  and  these  are  called  isotopes. 

For  example,  an  atom  of  ordinary  hydrogen  found  in  nature 
contains  one  proton  and  one  electron  and  has  an  atomic  number 
of  one.  Heavy  hydrogen,  or  deuterium,  contains  one  proton,  one 
neutron  and  one  electron.  It  therefore  also  has  an  atomic  number 
of  one,  but  an  atomic  weight  of  two.  These  two  isotopes  have 
exactly  the  same  chemical  properties  and  can  only  be  separated 
by  physical  means.  In  actual  fact  the  hydrogen  found  in  nature 
does  not  entirely  consist  of  the  element  with  an  atomic  weight  of 
one,  since  it  contains  about  0 . 2  per  cent  of  heavy  hydrogen.  In  the 
same  way  the  carbon  found  in  nature  (of  atomic  weight  12) 
contains  about  0.7  per  cent  of  an  isotope  with  an  atomic  weight 
of  13  (i.e.  there  is  one  more  neutron  in  the  nucleus),  and  the 
nitrogen  in  nature  (atomic  weight  I  t)  contains  0.368  per  cent  of 
an  isotope  of  atomic  weight  15. 

Other  elements  found  in  nature  are  also  mixtures  of  isoto|)es. 
For  example,  chlorine  owes  its  non-integral  atomic  weight  (35.5) 
to  the  fact  that  it  contains  25  per  cent  of  an  isotoj)e  with  an  atomic 
weight  of  37  and  75  per  cent  of  an  isotope  with  an  atomic  weight 
of  35.  And  natural  iron  is  a  mixture  of  four  isotopes  having 
atomic  weights  respectively  of  54  (6 . 0  per  cent),  56  (91 . 6  per  cent). 
57  (2.1  per  cent)  and  58  (0.28  per  cent). 

All  the  isotopes  so  far  mentioned  are  stable,  i.e.  the  atoms  do  not 
spontaneously  disintegrate.  With  the  exception  of  heavy  hydrogen 
they  can  only  be  identified  l)y  an  apparatus  called  the  mass 
spectrograph,  in  which  the  ionized  atoms  are  accelerated  m  a 
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magnetic  field,  which  causes  them  to  travel  in  a  circular  path, 
the  radius  of  which  depends  on  the  mass  of  the  particular 
particle.  A  collecting  plate  accumulates  the  charges  brought  to 
it,  and  the  relative  amount  of  the  particular  isotope  is  determined 
from  the  value  of  the  charge  collected.  Heavy  hydrogen  can  be 
converted  into  water,  and  the  amount  present  measured  by  means 
of  its  specific  gravity.  Very  accurate  methods  have  been  devised 
for  measuring  the  specific  gravity. 


Radioactive  Isotopes 

In  some  cases  the  constitution  of  an  atomic  nucleus  is  such  that 
it  no  longer  remains  stable.  The  forces  which  hold  the  constituents 
of  the  nucleus  together  are  at  jiresent  being  intensively  studied, 
but  it  is  not  yet  fully  understood  why  some  atoms  are  stable,  while 
others  must  undergo  decomposition.  The  outstanding  example  of 
an  unstable  element  is,  of  course,  radium,  but  others  occur  in 


nature,  and  many  others  have  been  made  artificially,  for  various 
purposes,  chiefly  by  the  use  of  the  cyclotron  or  in  the  uranium  pile. 
These  unstable  elements  disintegrate  with  emission  of  various 
types  of  radiation  and  they  are  therefore  called  radioactive. 
I  he  main  radiations  which  are  emitted  during  the  course  of 
disintegration  are  : — 

(1)  a-rays  :  Ihese  are  the  nuclei  of  helium  atoms  and  consist 
therefore  of  two  protons  and  two  neutrons.  They  have  very  little 
power  of  penetrating  tissues  and  are  therefore  of  little  practical 
importance,  though  they  are  of  experimental  interest  in  relation 
to  the  mode  of  action  of  radiation. 

(2)  ^-rays  :  Ihese  are  negatively  or  })ositively  chargetl  electrons 
which  have  a  greater  powder  of  penetration  than  the  a-particles, 
but  much  less  than  y  radiation.  For  example,  most  of  the  fi-ravs 
emitted  by  radium  will  be  absorbed  by  a  few  millimetres  of  tissue. 

le  term  positron  is  applied  to  a  positively  charged  electron 

(3)  y-rays  ;  These  are  high  energy  photons,  i.e.  quanta  of 
electro-magnetic -energy.  They  are  exactly  the  same  as  X-rays  of 

In7vv  penetration 

and  will  easily  pass  through  tissues  and  through  many  feet  of  air 

sl  Ss“f  '“S'>  ‘-ton-ic  n.Jber;  thlk 

radiation  (an ,1  Tra" )  ''  ^  ^ 

1  he  rate  at  which  radioactive  elements  disintegrate  varies 
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tremendously.  For  example,  radium  does  so  very  slowly  while 
(earl)on  with  an  atomic  weight  of  11)  disintegrates  in  a  matter 
of  minutes.  The  half  life  of  an  element  is  the  time  required  for 
the  sample  to  decay  to  one-half  of  its  original  aetivity.  The  half 
life  of  uranium  is  about  a  billion  years  ;  of  about  5,000  years 
and  of  less  than  ten  minutes.  Some  of  the  radioactive  isotopes 
that  have  been  used  in  pharmacological  and  therapeutic  work, 
together  with  their  half  life  and  the  type  of  radiation  they  emit, 
are  given  in  Table  14. 


Table  14 


Element 

Half  life 

Radiations  emitted 

Tritium  (H®) 

31  years 

(3 

Carbon  (C“) 

205  mins. 

P  (positrons) 

Carbon  (C^^) 

4.7  X  10®  years 

Phosphorus  (P®*) 

14.3  days 

Sulphur  (S®®) 

87.1  days 

l8 

Sodium  (Na®^) 

14.8  hours 

Y 

Calcium  (Ca^®) 

180  days 

Y 

Strontium  (Sr®*) 

55  days 

(3 

Bromine  (Br*®) 

,34  hours 

Y 

Iodine  (I^®®) 

12.(5  hours 

Y 

Iodine  (I^®*) 
Manganese  (Mn®®) 

8  days 

1  21  mins. 

Y 

( j8  (positron),  y 

((5.5  days 

1  (positron),  y 

Iron  (Fe®®) 

4  years 

y 

Iron  (Fe®®) 

47  days 
( 50  hours 

Y 

/3  (positron) 

Arsenic  (As’®) 

( 00  days 

Y 

Arsenic  (As’^) 

IG  days 

P  (positron),  y 

Gold  (.4iP®«) 

2.7  days 

P,  Y 

Methods  of  Using  Radioactive  Isotopes 

These  substances  can  be  used  for  two  main  purposes,  namely  : 
(1)  Experimental  :  to  detect  substances  m  various  tissues  or 
iluids  and  (2)  Therapeutic  :  to  apply  radiation  to  certain  parts  ot 
the  body.  Experimentally  these  substances  have  alrea  y  cen 
used  extensively  in  various  types  of  pharmacological  researc  i. 
The  principle  of  tliis  use  is  simple.  A  substance  whose  action 
being  investigated  in  the  body,  or  on  isolated  tissues,  is  marked 
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or  “tagged”  with  a  radioactive  isotope  which  acts  as  a  “tracer 
and  can  be  detected  in  the  body  by  the  radiation  which  it  emits. 
Since  the  isotopes  have  exactly  the  same  chemical  properties,  the 
body  is  unable  to  differentiate  bctw'een  them  and  therefore  deals 
with  the  radioactive  isotope  in  the  same  way  as  with  the  normal 
naturally  occurring  isotope.  The  method  can  be  so  sensitiv’e 
that,  even  if  the  proportion  of  radioactivx  atoms  to  ordinary 
atoms,  whose  course  is  being  followed  through  the  body,  is  one  to 
several  million  the  radioactive  atoms  can  still  be  detected.  The 
sensitivity  is  thus  much  higher  than  that  of  any  chemical 
method.  The  following  example,  widely  cpioted,  will  illustrate 
this  point.  If  a  glass  full  of  water  in  which  all  the  hydrogen 
was  radioactive  were  put  into  the  sea,  e.g.  in  the  Channel, 
and  allowed  to  mix  with  all  the  water  present  on  the  earth 
and  a  glassful  of  water  were  then  taken,  e.g.  in  the  Indian 
Ocean,  this  would  still  contain  many  millions  of  radioactive 
atoms  whose  presence  could  be  detected  by  the  appropriate 
methods. 

There  are  certain  limitations  to  the  use  of  this  method.  In  the 
first  place  the  isotope  used  must  have  a  suitable  half  life  :  if  this 
is  too  short  it  will  have  disintegrated  before  the  experiment  is 
finished.  In  experiments  with  isotopes  of  comj^aratively  short  life, 
e.g.  radio  sodium,  the  experiment  must  be  started  soon  after  the 


preparation  of  the  material.  On  the  other  hand  the  half  life  must 
not  be  too  long,  otherwise,  in  many  cases,  the  amount  of  activity 
emitted  in  a  reasonable  time  is  too  small  for  measurement  at 
high  dilutions.  It  is  also  important  to  use  these  radioactive 
substances  in  small  amounts  since  the  radiations  themsclv'es 
might  produce  effects  on  the  tissues  and  thus  interfere  with 
the  experiment.  This  is  particularly  so  when  the  investigation 
IS  done  m  man  where  the  radiations  may  also  produce  clfccts 
deleterious  to  health.  Pdements  which  have  a  long  half  life 
are  more  likely  to  jiroduce  damage,  iiarticularly  if  they  are 
deposited  in  tissues  ;  radio  strontium,  for  example,  is  deiKisited 
in  bone  (like  ealcium)  an, I  will,  when  f;iven  to  mice,  eausc  tlie 

io,Mne ’’t'”'’' l'  file  site  of  storage.  Ha.lio 

11, line  too  lias  to  be  given  with  great  care  since  a  high  nropor- 

o  ,s  taken  ,ip  by  the  tliyroi.l  glan,l  and  may  there  pro,  uee 
dainage.  for  tberapentie  purposes  higher  ,loses^an,  of' course! 
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Detection  of  Radiation 

The  radio  isotopes  can  be  detected  by  a  variety  of  methods, 
which  all  depend  on  the  fact  that  the  radiations  emitted  by  them 
(a,  /S  and  y)  produce  ionizations.  As  has  been  stated  above,  atoms 
consist  of  a  positively  charged  nucleus  surrounded  by  a  constel¬ 
lation  of  negative  electrons,  the  whole  being  electrically  neutral. 
Radiations,  in  their  passage  through  matter,  eject  electrons  from 
the  atoms  through  which  they  pass.  An  atom  so  ionized  is  left 
positively  charged  and  is  referred  to  as  an  ion.  The  electron  which 
is  ejected  from  an  atom  in  the  process  of  ionization  eventually 
becomes  attached  to  another  atom  and  makes  it  a  negatively 
charged  ion.  Both  the  positively  and  negatively  charged  ions, 
which  are  usually  called  an  ion  pair,  are  equally  significant  in  the 
physical  measurement  of  ionization.  It  is  by  the  production  of 
ionization  that  the  radiations  we  have  considered  produce  all  their 
biological  and  toxic  effects. 

The  main  method  of  measuring  radiation  is  by  the  use  of  Geiger- 
Miiller  counters.  These  have  a  chamber  containing  gaseous  media 
in  which  the  radiation  produces  ionization,  and  the  ionization 
facilitates  the  passage  of  an  electric  current  througli  the  chamber. 
By  means  of  a  counting  device  the  number  of  ionizations  which 
occur  in  a  given  time  can  be  counted.  Tlie  book  by  Kamen  (194/) 
should  be  consulted  for  further  details  of  this  and  other  methods 
of  estimating  the  radioactivity  of  different  materials.  The  amount 
of  ionization  which  occurs  in  a  given  space  can  also  be  measured 
by  certain  types  of  electroscopes  :  in  this  method  the  ionization 
gradually  discharges  the  charged  leaf  or  thread  of  tlie  electroscope. 


Tlie  radiation  emitted  can  be  measured  not  only  in  body  tissues 
and  fluids  but  also  in  the  living  animal  and  in  man,  and  this 
mcthml  has  actuallv  been  used  for  determining  tlie  distribution  ot 
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For  the  localization  of  radioactive  material  in  tissues  another 
method  is  being  developed  and  is  yielding  very  interesting  results. 
A  section  of  the  material  is  placed  in  close  apposition  to  a  photo¬ 
graphic  plate  and  the  ^-rays  emitted  by  the  material  produce 
development  of  the  photoactive  substance  in  the  plate.  The 
picture  so  obtained,  called  the  autoradiograph,  shows  the  distri¬ 
bution  of  the  radioactive  material  in  the  tissue.  In  some  methods 
the  section  of  tissue  can  then  be  stained  and  since  sections  and 
photographic  emulsion  remain  in  apposition  they  can  be  observed 
under  the  microscope  and  the  histological  distribution  of  the  radio¬ 
active  substances  can  be  seen.  For  example  Fig.  10  (p.  122)  shows 
the  distribution  of  radioactive  iodine  in  the  thyroid  of  animals  to 
which  iodine  131  had  been  previously  administered.  It  will  be 
seen  that  the  iodine  has  been  taken  up  by  the  thyroid  and  is  now' 
localized  in  the  colloid  of  the  gland.  Similar  methods  have  been 
used  for  localizing  radioactive  phosphorus  (P32)  in  bones,  etc. 
Methods  for  producing  autoradiographs  are  discussed  by  Mac¬ 
Donald  et  al.  (1948). 


Radiation  Hazards 

It  has  been  known  for  a  long  time  that  radiations  produced 
artificially  (X-rays)  or  emitted  from  naturally  occurring  radio¬ 
active  substances,  e.g.  radium,  are  not  only  of  diagnostic  and 
therapeutic  value,  but  can  also  produce  serious  damage  to  the 
body,  as  was  indeed  found  out  by  the  pioneers  with  these  new 
tools.  The  same  effects  can  be  produced  by  artificially  produced 
radioactive  substances  and  as  these  are  being  increasingly  made, 
and  used  for  experimental  and  therapeutic  purposes,  this  is 
becoming  a  matter  of  eonsiderable  importance.  These  radiations 
produee  their  effects  by  ionization  and  much  work  has  recently 
been  done  on  the  mechanism  by  which  ionizing  radiations  act  on 
hying  tissues,  and  on  the  changes  whieh  may  thereby  be  produced. 
Ihe  question  is  discussed  in  the  book  by  Lea  (1946). 

Ionizing  radiations  probably  produce  their  biological  effects 
by  two  mam  primary  meclianisms,  namely  (1)  Hy  a  direct  action 
n  an  organic  molecule  which  is  a  constituent  of  the  tissues.  It 

Dart  n!n  1 "'o'<'enle  of  which  it  is 

LnorTant  eV'f  produce  an 

iTevamnf  ‘his  molecule  forms  a  part. 

.  mple,  an  ionization  occurring  in  the  nucleus  of  a  cell  may 
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produce  a  chemical  change  in  a  molecule  which  forms  part  of  the 
strueture  of  a  chromosome  and  this  may  lead  to  the  breaking  of 
this  chromosome  and  hence  possibly  to  a  genetic  effect.  (2)  The 
radiation  may  produce  ionization  of  water,  leading  to  the  produc¬ 
tion  of  hydrogen  and  hydroxyl  radicles.  It  is  thought  that  the 
hydroxyl  radicle  is  the  more  reactive  of  the  two  and  may  act  on 
other  molecules  producing  changes  in  them. 

\Vhatever  the  primary  mechanism  of  their  aetion  it  is  clear  that 
ionizing  radiations  can  destroy  enzymes.  This  can  be  demonstrated 
not  only  in  vitro,  where  radiations  are  highly  effective  in  destroying 
enzymes,  provided  these  are  present  in  the  solution  in  a  high  di¬ 
lution,  but  also  in  vivo.  It  has  thus  been  foimd  that  comparatively 
small  doses  of  radiation  will  affect  certain  enzymatic  processes  in 
the  living  animal.  For  example,  a  dose  of  500r.  will  produce  a 
definite  effect  on  glycolysis.  There  ean  be  no  doubt  that  these 
effects  on  enzymes  must  be  an  important  factor  in  the  action  of 
radiations  on  living  tissues. 

Iladiations  can  also  destroy  other  large  inotein  molecules, 
notably  viruses.  This  includes  crystalline  viruses,  such  as  tobacco 
necrotic  virus,  which  are  nucleoproteins  and  are  responsible  for 
various  diseases  in  plants,  and  also  viruses  responsible  for  disease 
in  animals,  e.g.  vaccinia  virus.  These  effects  are  of  great  interest 
since  nucleoproteins  are  constituents  of  living  cells  and  the  chro¬ 
mosome  threads  which  control  the  genetie  constitution  of  the  cell 
are  made  up  of  nucleoproteins.  Indeed  the  genes  which  are  located 
on  the  chromosomes  have  properties  very  similar  to  viruses,  since 
both  are  capable  of  producing  replicas  of  themselves  from  the 
material  in  the  surrounding  medium,  the  genes  doing  this  m  the 
process  of  mitosis,  and  the  viruses  during  their  reproduction  m  an 
organism  which  they  have  infected.  The  view  has  indeed  been 
expressed  that  viruses  are  “naked”  genes. 


Actions  of  Radiations  on  the  Nucleus 

Radiations  produce  a  number  of  actions  on  the  nucleus,  some 
of  which  must  be  exerted  on  the  chromosomes  and  genes  while 
otliers  may  allcct  otiicr  eonstiti.cTita  of  tlie  imcleus.  I  Ims 
will  delay  cell  division,  especially  when  !>l>l>>i«U'‘st 
bcRinninR  of  division,  i.e.  jnst  before  the  beginning  o  prop  ose. 
Unless  a  lethal  aetion  has  been  produewl  the  cell  gradually  rc 
from  this  effect  of  radiation.  This  effect  may  well  be  <lue  to 
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(lestnictioii  of  some  enzyme  eonstitueiits  of  the  nucleus  necessary 
for  the  division  of  tlie  cell,  and  the  period  of  recovery  may  represent 
the  time  needed  for  the  enzymes  to  be  formed  again. 

Several  kinds  of  structural  changes  in  the  chromosomes  can 
be  produced  by  radiations.  Usually  breaks  in  the  chromosomes 
occur  at  an  early  stage,  and  there  is  much  evidence  that  a  single 
ionization,  occurring  in,  or  in  the  immediate  vicinity  of,  a  chromo¬ 
some  is  responsible  lT)r  the  ensuing  break.  If  the  effect  of  radiation 
is  very  marked  the  cell  will  die,  but  with  small  doses  the 
chromosomes  will  unite  again,  cither  restoring  the  normal  pattern, 
or  producing  abnormal  patterns  resulting  from  the  joining  to¬ 
gether  in  various  fashions  of  the  several  broken  ends  present  in  a 
nucleus  in  which  two  or  more  chromosome  breaks  have  occurred. 

Radiations  may  also  produce  gene  mutations  of  the  same  type 
as  have  already  been  described  in  the  chapter  on  mutagenic 
substances.  It  is  not  known  to  what  extent  such  effects  may  occur 
in  man  and  affect  subsequent  generations,  but  the  experimental 
evidence  suggests  that  they  represent  a  definite  danger.  The 
question  has  been  discussed  recently  (see  report  of  Conference  held 
at  the  British  Institute  of  Radiology,  19-17). 

In  addition  radiation  can  induce  lethal  effects  in  the  nucleus 
which  are  only  seen  in  the  offspring.  These  arc  not  mutations  and 
are  called  dominant  lethals.  Thus  when  sperms  are  irradiated  a 
proportion  of  the  eggs  fertilized  by  the  sperm  fail  to  reach  the 
adult  stage,  due  to  the  induction  of  dominant  lethality  in  the 
irradiated  sperm. 

Effects  of  Radiations  in  Man 

Ihe  actual  signs  and  symptoms  of  deleterious  actions  produced 
by  radi()  isotopes  arc  the  same  as  those  which  may  follow  the 
application  of  radiation  by  means  of  X-rays  or  radium.  And  these 
changes,  which  aflcct  the  haemopoetie  system,  the  gonads,  the 
general  health,  and  may  result  in  local  effects  such  as  burns  and 
in  the  development  of  malignant  disease,  have  been  extensively 
investigated  and  discussed.  The  effects  produced  with  isotopes 
wil  of  course  depend  on  their  distribution  and  localization  in  the 
body,  storage  and  rate  of  elimination.  As  with  X-rays  the 
repeated  application  of  small  doses  is  jiarticularly  iTaught  'with 
danger  and  may  lead  to  the  development  of  sterility,  of  serious 
blood  changes,  and  to  malignant  disease.  Recent  experimental 


358 


THE  FATE  OF  DRUGS  IN  THE  BODY 


work,  done  to  some  extent  as  a  result  of  the  development  of 
atomie  projeets,  has  indeed  suggested  that  the  doses  capable  of 
producing  deleterious  effects  when  applied  over  long  periods  are 
smaller  than  was  previously  thought.  The  upper  tolerance  limit 
may  be  as  low  as  O.Olr.  per  day  (see  Howarth,  1948,  for  a  short 
review  of  literature  on  radiation  hazards),  though  it  is  not  known 
whether  some  of  the  effects  produced  by  such  low  doses  are  in 
actual  fact  deleterious  to  the  body.  The  carefully  recorded  data 
of  Dickie  and  Ilempclmann  (1947)  on  the  morphological  changes 
found  in  the  lymphocytes  of  persons  exposed  to  low  doses  of 
ionizing  radiation'  are  interesting  in  this  connection.  There  is,  it 
must  be  emphasized,  no  lower  limit  to  the  dose  capable  of  pro¬ 
ducing  mutagenic  effects,  since  the  effects  of  radiations  on  the 
genic  material  are  additive. 

Isotopes  which  become  localized  in  a  particular  part  of  the  body 
are  particularly  dangerous,  especially  if  they  have  a  long  half  life, 
since  even  with  very  small  quantities  a  marked  and  prolonged 
effect  is  produced  in  their  immediate  vicinity.  This  is  seen  experi¬ 
mentally  with  radium  and  also  with  strontium  89  (half  life =55 
days)  which,  like  radium,  tends  to  be  concentrated  in  the  bones 
where  it  frequently  leads  to  the  development  of  osteosarcomata. 
Similarly  the  subcutaneous  injection  of  as  little  as  1  fig.  of  plu¬ 
tonium  may  cause  the  production  of  a  fibrosarcoma  at  the  site  of 
injection  (Brues  et  al.,  1947). 


Applications  of  Radio  Isotopes 
Some  of  these,  experimental  and  therapeutic,  are  dealt  with  m 
other  chapters,  e.g.  the  use  of  radio  iodine  in  Chap.  6  on  the 
thyroid  and  that  of  radio  iron  in  Chap.  1 3  on  the  blood.  A  number 
of  other  uses  will  be  described,  not  in  an  attempt  to  cover  the 
subject  exhaustively,  but  merely  to  illustrate  the  various  ways 
in  which  these  new  substances  have  proved  of  value  m  various 
types  of  pharmacological  investigations  and  m  therapy. 


The  Biological  Synthesis  of  Adrenaline 

There  is  indirect  evidence  that  phenyl  alanine  may  be  conveidcd 
to  adrenaline  by  surviving  slices  of  adrenal  medulla  (Devine,  1940) 
Lt  there  is  no  direet  evidence  that  such  a  cliange  can  occur  in  the 
Ldy.  By  tlie  use  of  radioactive  elements  this  conversion 
Lmonstrateil  experimentally  in  rats  (Gunn  and  Delluva,  1947). 


I 
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Radioactive  carbon  (C^^)  was  inserted  into  phenyl  alanine  and 
this  substance  was  then  injected  into  rats.  After  various  short 
periods  the  animals  were  killed  and  the  adrenal  glands  extracted. 
The  adrenaline  so  recovered  was  found  to  be  radioactive,  showing 
that  the  phenyl  alanine  had  been  converted  to  adrenaline. 


CHj  CH.  NHg.COOH 


Phenyl  Alanine 


* 

CHOH.  CH2.NH.CH3 

Adrenaline 


0H<^ 

OH 


yCHOH.CH2.NH.CH3  ^--^CHgO - ►HCOOH. 

Adrenaline  Formic  Acid 

The  radioactive  carbon  is  labelled* 


The  location  of  the  radioactive  carbon  in  the  adrenaline  was 
confirmed  by  oxidizing  the  substance  with  periodic  acid  and 
obtaining  formic  acid  containing  ptactically  all  the  radioactivity. 
Similar  results  were  also  obtained  when  the  phenyl  alanine  was 
labelled  with  tritium  (H3). 

It  is  obvious  that  similar  methods  could  be  used  to  study  the 
fate  of  adrenaline  and  other  amines  in  the  body. 


The  Formation  of  Antibody  and  its  Relation  to  Antigen 

There  is  evidence  that  the  reticulo-endothelial  system  is  con¬ 
cerned  in  the  formation  of  antibody  and  this  has  now  received 
support  from  experiments  involving  the  use  of  radioactive 
phosphorus  (Libby  and  INIadison,  1947).  A  pure  protein  antigen 
was  obtained  by  using  tobacco  mosaic  virus,  which  can  be  crystal¬ 
lized  and  into  which  the  radioactive  substance  was  incorporated 
by  the  ingenious  method  devised  by  Born  et  al.  (1941)  and  by 
Stanley  (1942)  :  the  tobacco  plants  are  inoculated  with  the  virus 
and  grown  in  bottles  in  a  nutrient  solution  containing  sodium 
hydrogen  phosi)hate  in  which  radioactive  phosphorus  has  been 
incorporated  (Na^lIP*!),).  The  level  of  radioactivity  in  the 
nutrient  solution  is  maintained' by  fresh  Na2lIP*04  for  30  days 
during  which  the  plants  are  allowed  to  grow,  and  the  radio  phos¬ 
phorus  is  thus  incorporated  in  the  nucleic  acid  part  of  the 
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nucleoprotein.  The  plants  are  then  extracted  for  tobacco  mosaic 
virus.  The  virus  is  recrystallized  several  times  and  evidence  that 
the  radioactivity  is  associated  with  the  virus  molecule  is  afforded 
by  the  finding  that  the  specific  activity  remains  constant  during 
repeated  crystallizations. 

The  same  principle  has  been  used  to  incorporate  radio  active 
carbon  14  into  drugs  derived  from  plants.  So  far  digitalis  purpurea 
and  nicotiana  rustica  have  been  used.  They  have  been  grown  in  an 
atmosphere  containing  radioactive  carbon  dioxide.  Pure  digitoxin 


OlSTdietn-ION  OF  the.  ^AOIOACTIVfTY  PtK  MOUSE  IN  THE.  - 

UNITS  Of  tobacco  -  mOSAC  viAoS  ANTIBODY  FROM  FOOuED  JAMPI-CS  Of  MOOfeE.  SE.ROM 


Fig.  43 

Showing  the  relation  between  the  presence  of  antigen  (radioactive 
tobacco^ mosaic  virus)  in  the  liver  of  the  mouse,  and  the  formation 

antibodv. 


(After  Libby  and  Madison,  1947.) 


3(51 


FORMATION  OF  ANTIBODY 

and  nicotine  respectively  were  then  extracted  from  the  plants  and 
found  to  be  radioaetive,  evidently  due  to  the  incorporation  of  the 
radioactive  carbon,  first  into  Ihe  plant  and  then  into  the  druj^ 
produced  by  the  plant.  Similar  experiments  are  being  performed 
with  digitalis  lanata,  papaver  somniferum  and  atropa  belladonna 
(Gelling  et  al.,  1948).  Such  drugs  should  jirove  very  interesting 
for  pharmacological  investigations. 

The  radioactive  tobacco  mosaic  virus  containing  radioactive 
phosphorus  was  injected  intravenously  into  mice,  and  its  distri¬ 
bution  determined  both  by  taking  radioautographs  of  sagittal 
sections  of  the  animals,  and  by  determining  the  specific  activity 
of  weighed  samples  of  various  organs  which  had  been  dried  and 
incinerated.  It  was  found  24  hours  after  the  injection  that  about 
2  3rd  of  the  material  was  located  in  the  liver  and  about  3  per  cent 
in  the  spleen.  If  sodium  phosphate  (N2lIP*04)  is  injected  into 
mice,  the  activity  is  fairly  uniformly  distributed  throughout  the 
animal,  conlirming  that  it  is  the  tobacco  mosaic  virus,  and  not 
radio  phosphorus,  which  is  specifically  taken  up  liy  the  liver. 
Some  14  days  after  the  injection  of  the  radioactive  tobacco  mosaic 
virus  most  ot  the  activity  in  the  liver  and  spleen  had  disappeared, 
and  the  authors  calculate  that  the  half  life  of  the  injected  virus 
is  about  two  days.  Antibody  formation  to  the  injected  antigen 
was  also  determined.  It  reached  its  maximum  at  the  0th  to  7th 
da}  after  injection,  and  then  gradually  decreased.  These  results 
that  the  liver  plays  a  major  role  in  the  remov’al,  destruction 
and  elimination  of  the  foreign  protein  virus,  and  also  in  the  produc¬ 
tion  of  specific  antibody.  The  relation  between  the  disappearance 
of  the  tobacco  mosaic  virus  from  the  body  and  the  decrease  in 
circulating  antibody  may  indicate  that  antibody  formation  occurs 
only  when  antigen  is  present  to  stimulate  it.  The  further  investiga¬ 
tions  which  these  authors  are  undertaking  ought  to  vield  verv 
interesting  results. 


Some  Uses  of  Radio  Sodium 

Hadio  sodium  I, as  been  use.l  in  a  numlier  of  investigations, 
some  of  Winch  are  reviewed  by  Qni,nby  (IDtr),  while  its  use  in 
my  ol  heart  failure  is  discussed  in  the  Lancet  (19-18)  This 
element  is  particularly  suitable  for  intrmiuetion  into  the  iinnian 
body  sinee  it  has  the  short  half  life  of  1 1  8  hours 

The  Mechanhm  „f  Shock.  Soiliuin,  like  thioeyanate.  is  dis- 
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tributed  throughout  the  extracellular  fluids  of  the  body,  i.e. 
throughout  the  plasma  and  lymph  spaces,  and  studies  with  radio 
sodium  have  shown  that  this  represents  about  21  per  cent  of  the 
body  weight.  There  is  evidence  that  in  shock  caused  by  burns 
or  trauma,  a  redistribution  of  the  sodium  and  potassium  in  the 
body  occurs  :  presumably  the  barrier  between  the  extracellular 
and  intracellular  fluids  is  affected  and  the  sodium  can  to  some 
extent  penetrate  into  the  intracellular  fluid.  If  this  is  true  it  is 
important  clinically  from  the  point  of  view  of  treatment.  To 
investigate  whether  this  occurs,  Fox  and  Keston  (1945)  performed 
experiments  with  radio  sodium  on  mice.  Shock  was  induced  by 
inflicting  standard  burns,  or  by  applying  a  tourniquet  to  both 
limbs,  and  radio  sodium  was  then  injected  ;  it  was  found  that 
the  damaged  tissues  (skin  and  muscle),  which  normally  contain 
little  sodium,  took  up  a  large  amount  of  the  administered  radio 
sodium.  This  shows  that  concentration  of  sodium  occurs  in  the 
damaged  parts  of  the  body,  thus  depleting  the  rest  of  the  body 
of  this  element,  and  this  may  be  an  important  factor  in  the 
mechanism  of  shock.  If  this  is  true,  then  the  administiation  of 
sodium  to  such  animals  in  a  condition  of  shock  should  be  of 
therapeutic  value,  and  it  was  indeed  foimd  that  burned  animals 
treated  by  intraperitoneal  injection  of  normal  saline  recovered, 
while  similarly  burned  untreated  animals  died. 

The  Investigation  of  Peripheral  Vasenlar  Disease.  In  certain 
conditions  it  is  desirable  to  know  what  the  blood  supply  to  a  limb 
is  whether  it  is  reasonably  normal,  greater  than  normal,  or  severely 
restricted  by  the  disease.  Smith  and  Quimby  (1945)  have 
attempted  to  do  this  in  the  following  manner:  they  inject  a 
standard  amount  (100  /xc.)  of  radio  sodium  into  their  subjects  and 
then  take  counts  from  the  sole  of  the  foot.  The  counter,  enclosed 
in  a  lead  container  which  acts  as  a  shield,  is  strapped  to  the  sole 
of  the  foot.  The  lead  shield  has  a  window  in  it  which  allows  tl  e 
rlcf^tion  f.-om  the  foot  to  reach  the  counter.  w>-h  t 
essentially  the  amount  of  racho  sod.um  present 
of  the  foot.  Following  the  intravenous  injection 
it  reaches  the  blood  vessels  in  the  foot  and  then  gradua  l}’  diffuses 
^ut  orthe  vessels  into  the  tissues.  Hence  the  count  which  is  low 
at  first  gradually  rises  to  reach  a  maximum  in  rather  less  t  lan  a 
four  iL  blood  supply  of  the  part  will 
factors  which  control  the  rate  ot  build-up  ,  and 
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in  the  counting  rate,  of  radio  sodium  in  the  foot.  According  to  the 
authors  the  curve  obtained  gives  an  indication  of  the  vascular 
supply  to  the  limb.  In  normal  cases  these  curves  fall  within  a 
narrow  range.  Low  curves,  corresponding  to  a  slow  rate  of  diffusion 
of  the  material  into  the  foot,  are  obtained  in  conditions  where  the 
blood  supply  is  decreased,  e.g.  arterial  obstruction,  arteriosclerosis, 
vascular  degeneration.  High  curves  are  found  in  patients  where 
the  blood  supply  is  increased,  as  for  example  in  inflammation  or 
where  the  blood  vessels  are  relaxed  by  sympathectomy,  nerve 
block,  or  for  other  reasons.  The  results  should  be  of  prognostic 
value  and  help  in  deciding  on  the  therapeutic  measures  required. 

The  authors  are  at  present  studying  the  effect  of  drugs  and  of 
physical  therapy  on  patients  with  peripheral  vascular  disease. 
Tlieir  preliminary  results  show  that  histamine,  given  by  ionto¬ 
phoresis  or  by  intra-arterial  injection,  brings  about  a  rise  in  the 
rate  of  diffusion  of  radio  sodium  (IMufson  et  (iL,  1948). 

There  must  be  a  number  of  factors,  apart  from  the  condition 
of  the  blood  vessels,  which  control  the  rate  at  which  the  sodium 
is  built  up  in  the  tissues  and  these  obviously  require  further 
investigation.  It  is  indeed  remarkable  and  very  satisfactory  that 
with  such  a  number  of  variables,  and  with  this  rather  empirical 
procedure,  the  build  up  curves  in  normal  subjects  fall  within  such 


a  narrow  range. 

The  Rote  of  Flozv  of  Venous  Blood  in  the  Legs.  Venous  throm¬ 
bosis  is  influenced  by  three  main  factors — changes  in  the 
constitution  of  the  blood,  damage  to  the  blood  vessels,  and  dis¬ 
turbances  of  the  circulation.  The  first  two  factors  have  been 
extensively  investigated,  and  the  use  of  anticoagulants  in  this 
connection  is  discussed  in  Chap.  14.  There  is,  however,  little 
direct  evidence  on  the  role  of  the  circulation.  The  introduction 
of  radioactive  tracers  has  now  made  possible  the  direct  measure¬ 
ment  of  the  rate  of  blood-flow  in  a  limb  by  introducing  such  a 

‘‘‘"‘"'■'"‘"‘'’g  “s  “‘•■•ival  at  some  other  point 
Tmtoed  I'l  ,  to  tl>e  type  of  radiation 

sodium  for  Hds®  “■"■ofkers  (1948)  liave  used  ra<lio 

onlvT  tn  “  ^I'iokled  by  lead  as 

tltVroin  tITi  ''"‘ioally  below,  is  placed  over 

1  -  ’i.  ^  solution  of  radio  sodium  (as  sodium  chloride)  is 

and  it  '  1  as  rapidly  as  possible 

arrival  in  the  region  of  the  groin  is  recorded  by  theLuntL; 
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wliich  indicates  an  increase  in  tlie  conntinfr  rate  above  the  back¬ 
ground.  The  time  of  arrival  is  usually  (iiiite  clear  cut ;  and  from  a 
knowledge  of  the  time  of  injection,  tl'ie  time  of  arrival  at  the  groin 
and  the  length  of  the  leg,  the  average  rate  of  flow  can  be  calculated. 
The  average  time  found  for  normal  subjects  was  18i0.9  sec.,  the 
observations  ranging  from  4  to  50  seconds.  Technical  details  of 
the  method  used  are  described  by  Osborn  and  Wright  (1949). 

During  pregnancy  the  rate  of  venous  blootl  How  in  the  leg  is 
progressively  slowed  ;  enlargement  of  the  foetal  head  increases  the 
slowing  and  a  still  further  retardation  occurs  in  labour  (Wright, 
personal  communication).  In  the  puerperium  the  venous  How 
rapidly  returns  to  normal.  The  relation  of  some  of  these  findings 
to  the  occurrence  of  venous  thrombosis  is  discussed  by  Wright 
efrt/.  (1949). 

The  Assay  of  Deoxycortone.  A  number  of  methods  are  in  use  for 
the  assay  of  adrenal  cortical  steroids  but  none  of  them  are  either 
accurate  or  j)articularly  sensitive.  By  the  use  of  radio  sodium, 
Dorfman  et  al.  (1947)  have  elaborated  a  method  which  allows  of  the 
estimation  of  as  little  as  1  yg.  of  deoxycortone.  With  methods 
depending  on  the  measurement  of  ordinary  sodium  retention,  the 
least  amount  of  deoxycortone  acetate  which  can  be  detected  in 
dogs  is  of  the  order  of  700  yg.  Dorfman  and  his  co-workers  per¬ 
formed  their  experiments  on  adrcnalectomized  rats,  which  lose 
sodium  from  the  body.  Administration  of  cortical  steroids  causes  a 
retention  of  sodium.  The  steroid  to  be  tested  is  given  to  adrenalec- 
tomized  rats,  which  arc  then  injected  one  hour  later  with  the 
radio  sodium,  given  as  sodium  chloride.  The  animals  are  then 
placed  in  a  metabolism  chamber  and  the  urine  collected  for  4-6 
hours.  An  appreciable  retention  of  sodium  is  produced  by  verv 
small  amounts  of  deoxycortone,  but  further  work  is  required  on 
the  (quantitative  significance  of  the  results,  and  on  the  effects  o 
other  adrenal  cortical  steroids. 

Dorfman  (1949)  has  also  described  a  method  for  the  assay  ot 
deoxycortone  which  depends  on  the  use  of  radio  potassium  in  t  le 
adrcnalectomized  male  rat ;  as  little  as  10  yg.  of  deoxycortone  can 
be  detected. 


The  Localization  of  Brain  Tumours 

Moore  (1948)  has  used  radio-iodine  in  the  localization  ^  ^ 

tumours.  He  had  found  iireviously  that  such  tumours  concentrate 
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the  dye,  lluorescein,  and  also  found,  in  experiments  on  mice, 
that  diiodolluorescein  is  similarly  concentrated  by  expcrimcnta  y 
induced  brain  tumours,  which  contain  up  to  80  times  as  mucli  dye 
as  the  surrounding  brain  tissue.  Iodine  1.31,  which  emits  y 
radiation  and  can  therefore  be  detected  from  the  outside,  was 
incorporated  to  make  diiodolluorescein  and  injected  intrav  enousl)- 
in  patients  suspected  of  having  brain  tumours,  in  amounts 
calculated  to  contain  500-G()()  /xc.  of  radioactivity.  After  2-4 
hours  the  dye  is  taken  up  by  the  tumour,  if  present,  and  counts 
are  taken  over  various  parts  of  the  skull.  The  highest  counts,  due, 
of  course,  to  the  y  radiation,  arc  found  over  the  area  of  the  tumour. 
The  preliminary  results  suggest  that  this  method  niay  prove  of 
value  in  the  diagnosis  and  localization  of  intracranial  tumours. 

It  has  been  found  that  when  inorganic  phosphate  containing 
radioactive  phosphorus  (P32)  i^  administered  to  jiatients  with 
brain  tumours,  and  biopsy  material  then  taken,  the  radioactivity 
is  higher  in  the  tumour  than  in  the  normal  brain  tissiie.  C'hemical 
fractionation  also  showed  a  small  but  significant  concentration  of 
the  phos))horus  in  the  nueleoj^rotein  of  both  eyto])lasm  and 
nucleus.  This  method  is  being  used  for  the  accurate  localization 
of  brain  tumours  but  the  investigation  is  still  in  its  preliminary 
stages  (Selverstone  et  al.,  1949  ;  Erickson  et  al.,  1949). 

The  Penetration  of  Drugs  into  Cells 

Much  work  has  been  done  on  the  distribution  of  drugs  in  various 
parts  of  the  body,  but  there  is  little  information  about  the 
penetration  and  distribution  of  drugs  in  cells,  although  this  is 
probably  of  great  importance  in  understanding  their  mechanism 
of  action.  One  of  the  dilliculties  has  been  the  small  amounts  of 
material  which  have  to  be  identified  and  located,  and  it  is  possible 
that  the  radio  isotoj)c  technifpie,  so  delicate  and  selective,  may  lead 
to  progress  in  this  held.  Drugs  can  be  tagged  by  means  of  a  suitable 
isotope  and  their  fate  followed  by  counter  methods.  Even  radio¬ 
autography  may  ultimately  be  used  although,  at  present,  the 
limits  of  resolution  with  this  method  are  scarcely  sullicient  to 
allow  of  the  localization  of  drugs  in  cells. 

()nc  type  ol  approach  to  the  problem  which  may  prove  successful 
with  drugs  is  best  illustrated  by  reference  to  the  work  of  Marshak 
(1941)  on  the  uiitake  of  jihosphorus  and  its  incorporation  into 
various  parts  of  normal  and  tumour  cells.  The  phosphorus  was 
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administered  as  radioactive  P32  ineorporated  in  Na2HP*04,  of 
which  a  solution  was  injected  intravenously  into  rats  and  mice. 
Ihe  mice  had  lymphomata  and  the  rats  sarcomata.  At  intervals 
after  the  injection  tissues  were  removed,  freed  from  blood,  and 
the  nuclei  and  cytoplasm  of  the  cells  separated  by  a  special 
procedure  involving  treatment  with  citric  acid.  The  nuclear 
material  was  further  fractionated  by  various  chemical  methods 
in  order  to  determine  into  which  constituents  the  radio  phosphorus 
was  incorporated  ;  the  nucleoprotcins  were,  of  course,  of  particular 
interest.  It  was  found  that  phosphorus  is  rapidly  taken  up  by  cell 
nuclei  and  that  the  nuclei  of  tumour  cells  accumulate  more  than 
those  of  normal  cells.  This  is  merely  due  to  mitotic  activity  and 
not  to  a  form  of  metabolism  peculiar  to  tumour  cells.  A  large 
percentage  of  the  nuclear  phosphorus  is  present  in  the  nucleo- 
proteins,  up  to  90-95  per  cent  in  the  case  of  lymphoma  nuclei. 
There  are  a  number  of  other  interesting  observations,  e.g.  that 
synthesis  of  nucleoprotein  occurs  even  in  nuclei  of  cells  which  are 
not  undergoing  mitosis,  but  the  original  paper  should  be  consulted 
by  those  who  are  specially  interested. 
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CHAPTER  17 


EVALUATION  OF 

THE  ACTIONS  OF  DRUGS  IN  MAN 

In  this  cliapter  it  is  projx)sed  to  discuss  tlie  problems  which 
arise  in  the  course  of  therapeutic  trials  in  patients,  and  to  describe 
some  of  the  statistieal  and  other  proeedures  recjuired  for  evaluating 
the  actions  of  the  drugs  used. 

It  is  of  course  common  knowledge  that  the  actions  of  drugs  in 
man  may  differ  from  those  in  animals,  not  a  surprising  oceurrence 
when  one  takes  account  of  the  considerable  variations  in  response 
to  drugs  whieh  may  exist  among  different  species  of  experimental 
animals.  In  .some  instances  it  is  possible  to  obtain  valuable 
information  by  studies  of  drug  action  on  nornial  persons.  A 
number  of  such  examples  have  already  been  mentioned  in  other 
ehapters,  for  example,  the  effects  of  analgesics  on  pain  threshold, 
the  actions  of  anti-histamine  drugs  on  histamine  wheals  and  flares 
in  normal  skin,  and  the  produetion  of  skeletal  museular  paralysis 
by  curare-like  drugs.  This  type  of  investigation  is  useful  not  only 
to  reveal  the  probable  therapeutie  value  of  drugs,  but  also  to  give 
a  preliminary  idea  of  their  side-elfeets.  However,  there  are  many 
pathologieal  states  in  which  drugs  are  effeetive  through  actions 
which  cannot  be  studied  in  normal  man.  For  example,  the  actions 
of  digitalis  preparations  in  normal  subjects  give  no  hint  of  their 
effectiveness  in  congestive  heart  failure;  the  assay  of  liver 
preparations  by  the  reticidocyte  response  can  only  be  measuied  in 
patients  with  pernicious  ansemia,  and  the  effectiveness  of  chemo¬ 
therapeutic  remedies  in  man  can  only  be  studied  in  the  presence 
of  the  appropriate  infections.  In  all  these  instances  accurate 
observations  are  required  in  patients  to  determine  the  therapeutic 
value  of  the  drug  under  investigation. 

Therapeutic  Trials  in  Man 

The  actions  of  drugs  on  the  course  of  human  disease  are  of  such 
importance  as  to  justify  a  full  discussion  of  the  methods  by  which 
they  may  be  studied.  The  problem  concerns  not  only  the  evalua- 
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tion  of  new  drugs  but  also  a  proper  estimate  of  the  value  of  drugs 
which  have  long  been  used.  The  aim  of  drug  therapy  is  simply 
enough  to  exert  a  favourable  influence  on  the  course  of  disease, 
but  it  is  at  once  obvious  that  some  drugs  fulfil  this  purpose  much 
more  effectively  than  others.  For  example  bacterial  cherno- 
therapeutic  agents  such  as  the  sulphonamides  and  penicillin, 
which  act  by  virtue  of  a  highly  selective  action  on  the  causative 
agents  in  certain  infections,  produce  what  may  be  correctly 
termed  a  cure,  whereas  in  many  other  instances,  e.g.  the  use  of 
analgesics  to  relieve  pain,  or  the  administration  of  digitalis  to 
treat  heart  failure,  the  action  is  either  symptomatic  or  palliative, 
with  little  or  no  influence  on  the  course  of  the  underlying  patho¬ 
logical  change. 

Drugs  and  the  Natural  Course  of  Disease 

Whatever  the  technique  of  assessment  of  drug  action,  it  is 
always  essential  to  consider  the  background  against  which  the 
therapeutic  effect  is  to  be  measured.  We  must  know  therefore 
the  natural  course  of  the  disease,  either  when  untreated  or  when 
treated  by  previous  methods.  Now  the  course  of  some  diseases 
is  very  brief  and  fairly  consistent,  whereas  in  other  diseases 
it  is  slow  and  sometimes  intermittent.  Thus  on  the  one  hand,  in 
pneumococcal  pneumonia,  streptococcal  septicaemia  or  meningo¬ 
coccal  meningitis,  we  are  dealing  with  conditions  which  run  a 
speedy  and  fairly  regular  course,  and,  whatever  the  effect  of 
treatment  may  be,  the  end  result  can  be  rapidly  and  surely 
measured.  On  the  other  hand,  in  slowdy  progressive  diseases  like 
disseminated  sclerosis  and  Hodgkin’s  disease,  not  only  is  the  time 
scale  greatly  enlarged,  but  natural  remissions,  or  at  least  halts  in 
the  progress  of  the  disease,  may  complicate  the  evaluation  of 
treatment.  Many  mistakes  in  therapeutic  assessment  have  arisen 
from  failure  to  take  account  of  such  points. 

Effect  on  Mortality  Rate.  In  diseases  which  have  a  high  natural 
mortality  rate  the  simplest  measure  of  therai)eutic  success  is  of 
course  a  reduction  of  this  rate.  One  of  the  most  striking  instances 
of  such  an  effect  is  the  case  of  subacute  bacterial  endocarditis  in 
which  the  untreated  mortality  rate  of  close  on  100  per  cent  has  been 
reduced  by  penicillin  to  somewhere  about  25  per  cent  in  all  cases 
and  to  about  10  per  cent  mortality  from  the  infection  per  si 
Similarly  the  effect  of  streptomycin  in  tuberculous  meningitis  has 
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been  to  reduce  a  100  per  cent  mortality  rate  to  about  65  per  cent. 
Even  in  chronic  diseases  like  pernicious  anicmia,  with  its  remissions, 
the  reduction  in  mortality  rate  by  liver  therapy  is  one  of  the  sim¬ 
plest  measures  of  success  ;  indeed  in  this  case  the  most  striking 
testimony  to  the  value  of  treatment  is  the  fact  that  the  patients 
usually  die  from  some  other  disease ! 

Other  Measures  of  Drug  Actian.  However,  in  diseases  with  an 
extremely  low  mortality  rate  (and  even  in  those  with  a  high  mor¬ 
tality  rate),  other  measures  of  drug  influence  arc  available.  In  the 
case  of  the  infections  already  mentioned,  the  rapid  reduction  of 
body  temperature,  the  disappearance  of  symptoms  and  signs,  and 
the  obvious  shortening  of  the  course  of  the  disease  will  be  taken 
into  account.  In  other  cases  it  is  not  so  much  the  immediate  relief 
of  presenting  symptoms  and  signs  which  is  desired,  but,  as  in  the 
treatment  of  syphilis,  the  prevention  of  ultimate  complications. 
Much  the  same  could  perhaps  be  said  of  the  use  of  salicylates  in 
rheumatic  fever,  except  that  their  value  in  preventing  the  develop¬ 
ment  of  heart  disease  is  much  more  ])roblematical  than  the  actions 
of  antisyphilitic  drugs  in  syphilis. 

Even  in  long  established  diseases,  effective  treatment  may 
rapidly  restore  normal  function.  For  example  the  actions  of 
thyroid  in  myxa'dema,  antithyroid  drugs  in  thyrotoxicosis,  liver 
extract  in  pernicious  amcmia,  and  to  take  a  very  recent  case, 
cortisone  (Kendall’s  Compound  E)  in  rheumatoid  arthritis,  all 
show  how  chronic  pathological  and  functional  changes  may  be 
speedily  reversed  and  the  effects  of  treatment  easily  obser^  ed. 

Drug  Toxicity.  So  far  we  have  considered  this  question  solely 
from  the  aspect  of  therapeutic  benefit,  but  we  liave  also  to  take 
into  account  the  possibility  that  drugs  may  sometimes  be  harmtul. 
A  drug  mav  produce  a  ilcsircd  therapeutic  action  luit  it  this 
occurs  only  with  doses  which  exert  marked  side-elfects  it  is  iisiiall) 
of  no  practical  value.  With  all  drugs  a  wide  margin  between  t he 
therapeutic  and  toxic  ranges  is  desirable  ;  this  “ 

expressed  as  the  “therapeutic  ratio”  which  is  defined  as  ^ 
mum  dose  which  produces  toxic  elTeets.  divided  by  the  do 
which  produces  a  full  therapeutic  effect.”  Drugs  ''ke  < 
and  salicylates,  partieul.arly  the  latter,  have  a  very  s  iial  ratio  , 
hidced  the  range's  may  overlap  so  that  full  therapeu tic  doses  of 
salicvlatcs  in  rheumatic  fever  almost  iiicvitahly  lead  y™ 
Actions  stmh  as  nausea,  ilcafness  and  tinnitus.  Uecent  reports  hr 
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Meyer  and  Ragan  (1948)  and  by  Canielin  et  al.  (1919)  suggest  that 
sodium  gentisate,  in  doses  wliicli  prodnee  practically  jio  side- 
actions,  is  therapeutically  as  eftectivc  as  sodium  salicylate  in  this 
disease  ;  in  other  words  it  has  a  higher  therapeutic  ratio.  The 
greatest  margin  of  safety  is  seen  with  penicillin,  of  which  it  is  poss¬ 
ible  to  administer  say  a  hundred  times  the  normal  therapeutic 
dose  without  producing  any  toxic  en'ccts  (apart  from  allergic 
hypersensitivity  reactions). 

The  toxic  actions  })roduced  by  drugs  arc  of  various  kinds  and 
many  of  those  seen  in  man  cannot  be  anticij)atcil  from  animal 
studies.  Acute  toxic  symptoms,  e.g.  vomiting  and  giddiness,  are 
soon  deteeted  ;  allergic  hypersensitivity  reactions  of  the  classical 
type,  e.g.  skin  eruptions  and  drug  fever,  and  possible  allergic 
reactions  such  as  agranulocytosis,  thrombocytopamia  and  liver 
necrosis,  will  naturally  take  longer  to  be  revealed.  ^Vith  some  toxic 
effects,  such  as  {)eriphcral  neuritis,  or  a  liability  to  jiroduce 
addietion,  the  frecpiency  can  only  be  fairly  assessed  after  months 
or  years  of  observation. 

It  is  thus  elear  that  in  the  final  evaluation  of  any  drug  therapy 
it  will  take  some  years  before  the  true  benefits,  together  with  the 
drawbacks,  can  be  fairly  judged  in  relation  to  the  drug’s  influence 
on  the  natural  course  of  disease. 

Methods  of  Assessment  of  Drug  Action 

It  is  \  er\  tempting  to  allow  the  assessment  of  the  therapeutic 
\alue  of  a  drug  to  be  based  solely  on  the  subjective  impressions 
of  the  observer.  Now  no  one  could  deny  that  a  final  judgment  on 
the  question  will  take  account  of  factors  which  may  be  diflicult 
to  measure,  but  it  is  most  important  that,  where  possible,  objective 
measures  of  response  should  be  used.  Records  of  body  temperature 
respiration  rate,  heart  rate,  blood  pressure,  body  weight,  urinary 
output,  changes  in  physical  signs,  etc.,  are  simply  made  at  the 
bedside,  though  m  other  cases  more  elaborate  procedures  such  as 

blood  counts  or  bacteriological  and  biochemical  investigations 
will  be  required.  ^ 

Studies  on  Selected  Cases 

sunnw"  it 

bv  1  ,  t'arly  assessment  of  its  value 

y  carelul  ol)servations  on  a  small  number  of  cases.  Recent 
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illustrations  of  this  })rocedure  are  provided  by  Hench’s  studies  on 
the  action  of  cortisone  in  rheumatoid  arthritis,  and  by  records  of 
the  action  of  Chloromycetin  (chloramphenicol)  in  typhoid  fever. 
It  should,  however,  be  pointed  out  {a)  that  such  preliminary 
observations  are  necessarily  based  on  small  numbers  of  patients 
and  may,  therefore,  not  be  truly  representative,  {b)  that  it  is 
assumed  that  the  natural  course  of  the  disease  is  well  enough 
known  for  any  modifications  of  this  course  to  be  at  once  obvious 
and  (c)  that  the  long  term  effects  of  treatment  or  the  onset  of 
delayed  toxic  actions  will  not  be  revealed  by  this  method. 


The  Patient  as  His  Own  Control 

One  procedure  which  may  be  adopted  in  studying  the  effeets 
of  drugs  in  chronic  diseases  is  to  make  the  patient  serve  as  his  own 
control  by  first  allowing  him  to  remain  untreated  for  a  reasonable 
period  of  time,  during  which  observations  of  his  condition  may  be 
made.  This  method  has  been  used  for  example  in  the  assay  of 
liver  extracts  in  pernicious  anaemia,  the  evaluation  of  digitalis 
preparations  and  organic  mercurial  diuretics  in  heart  failure,  the 
study  of  antithvroid  drugs  in  thyrotoxicosis,  and  the  assessment 
of  anti-histamine  drugs  in  allergic  states.  When  improvement  has 
occurred,  apparently  due  to  the  drug,  the  effect  of  withholding  the 
drug  can  then  be  observed. 

A  very  useful  development  of  this  technique  allows  the  com¬ 
parison  of  the  effectiveness  of  different  drugs  with  a  given  action. 
The  method  has  been  used  by  Gold  et  al.  (1941)  in  standardizing 
digitalis  preparations  in  patients  with  auricular  fibrillation,  and 
by  Hewer  et  al.  (1949)  in  the  comparison  of  analgesic  drugs  m 
individual  patients,  but  the  best  illustration  is  l^'ovnled  by  the 
observations  of  Bain  et  al.  (1949)  on  the  cni'l^rafy  eflectiveness 
of  n.epvramine  and  promethazi.ie  in  the  treatnient  of  20  patie  ts 
with  ehronic  urticaria.  Before  treatment  all  the  pat.ent  h,  d 
.noderate  to  severe  urticaria.  Mepyrann,.e  was  then  given  o.ally 
increasing  daily  <losage  until  the  urticaria 

side-elTeets  prevented  its  further  admiinstration.  The  same  20 
patients  wole  then  given  promethazine  in  the 
procedure,  which  corresiionds  to  what  has  been  ealled  a  t 
Test”  in  biological  standardization  (e.g.  ""i'; “^se  of  S  mg’ 
revealed  that  promethazine,  given  in  one  "'g'  J  >  ,!o 

was  as  potent  as  300  mg.  ot  niepyrainme,  gn  en  in  a  dose  o 
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mg.  t.d.s.  (i.e.  promethazine  was  14  times  as  potent  as  mepy- 
raniine).  IMore  important  was  the  demonstration  tliat  the  urticaria 
preventing  dose  of  jiromethazine  produced  fewei  side  effects  than 
the  corresponding  dose  of  mepyramine,  so  that  14  of  the  20 
patients  preferred  the  former  to  the  latter.  Sueh  a  test  provides 
much  more  useful  information  than  many  hundreds  of  hap¬ 
hazardly  collected  observations. 

Now  a  patient  can  act  as  his  own  control  not  only  in  time,  but 
also  in  space.  For  example  in  simultaneously  developing,  sym¬ 
metrically  distributed  lesions,  involving  say  the  eyes  or  skin,  it  is' 
possible  to  assess  the  value  of  local  applications  to  one  side  by 
comparing  the  responses  of  these  treated  areas  with  those  of  the 
untreated  areas  on  the  other  side  of  the  body.  This  technique  has 
been  used,  for  example,  to  compare  the  ellieacy  of  local  applica¬ 
tions  used  in  the  treatment  of  burns. 

Comparison  of  Present  Results  with  Previous  Statistics 

In  some  diseases  previous  statisties  may  be  available  as  a  back¬ 
ground  for  the  evaluation  of  a  new  drug.  For  example  Colebrook 
and  Kenny  (1936),  in  their  studies  on  the  effectiveness  of  prontosil 
rubrum  and  sulphanilamide  in  puerperal  sepsis,  eompared  the 
results  obtained  after  these  drugs  with  figures  obtained  in  previous 
years  without  chemotherapy.  The  effeets  of  sulphonamides  in 
pneumonia  and  meningococeal  meningitis,  and  the  effects  of 
penicillin  in  staphylococcal  infections  and  in  venereal  diseases 
were  all  assessed  by  comparing  the  results  recorded  after  ad¬ 
ministration  of  these  drugs  with  those  previously  obtained.  When 
a  natural  mortality  rate  of  25  per  cent  is  reduced  to  10  per  cent 
(e.g.  sulphonamides  in  pneumonia)  and  there  are  many  thousands 
of  individuals  in  each  group,  the  difference  is  so  large  as  to  need 
only  the  simplest  statistical  analysis  to  show  its  significance. 

There  is,  however,  one  difficulty  associated  with  this  method  of 
comparison.  It  is  well-known  that  the  virulence  of  certain  infec¬ 
tions  varies  from  year  to  year,  so  it  is  always  possible  that  during 
the  period  of  observation  of  the  actions  of  a  new  drug,  the 
background  may  have  changed  from  previous  years,  thus  vitiating 
the  evaluation  of  the  treatment. 

Simultaneous  Controls 

In  most  ti.erapeutic  trials  tl,e  best  procedure  is  to  make 
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observations  on  treated  patients  and  on  eontrols  at  the  same 
time,  using  some  method  of  random  seleetion,  as  will  be  des¬ 
cribed  later.  Such  tests  overcome  the  ditticulty,  discussed  in 
the  previous  paragraph,  which  might  arise  from  temporal  fluctua¬ 
tions  in  the  natural  course  of  the  disease.  The  control  patients 
will  either  receive  no  treatment  at  all,  or  they  will  receive  some 
drug  previously  used  for  the  disease  ;  in  certain  instances,  to 
take  account  of  psychological  influences,  pharmacologically  inert 
substances  such  as  lactose  are  administered  in  a  preparation 
indistinguishable  from  that  of  the  active  drug  under  test. 

There  is  one  really  important  question  which  may  arise  with 
this  procedure.  It  is  a  moral  one.  If,  early  in  the  test,  it  appears 
that  the  new  drug  is  more  effective  than  the  control  drug,  or  if, 
in  cases  where  the  eontrols  receive  no  treatment,  the  drug 
strikingly  alters  the  course  of  the  disease,  when  should  the  trial 
be  terminated  ?  This  is  naturally  a  diflicult  question  to  answer 
dogmatically,  but  whilst  of  course  no  one  would  wish  to  deprive 
patients  of  the  best  treatment  available,  it  is  probably  true  to  say 
that  a  properly  designed  therapeutic  test  will  reveal  the  benefits 
to  be  derived  from  a  new  treatment  more  quickly  than  even  large 
numbers  of  haphazard  observations.  In  practice  the  dramatically 
effective  drugs  will  be  revealed  in  preliminary  trials  on  small 
numbers  of  patients,  so  that  subsequent  more  extensive  tests  will 
be  approached  with  this  knowledge  in  mind.  It  is  clear  that  the 
simultaneous  control  technique  is  best  suited  to  the  trials  ot 
drugs  whose  effects  mav  be  definite,  but  not  outstanding,  and  two 
illustrations  of  this  type  of  action  will  be  fully  discussed  later  on. 


Psychological  Factors  ...  . 

The  actions  of  some  drugs,  such  as  digitalis  or  penicillin,  are 
probably  not  influenced  at  all  by  suggestion,  but  in  therapeutic 
tests  of  drugs  whose  actions  are  exerted  wholly,  or  in  part,  on  the 
central  nervous  system,  or  which  are  to  be  administered  to  patients 
whose  diseases  exhibit  a  marked  psychological  component,  the 
results  may  be  dinieult  to  assess.  Drugs  such  as  analgesics  or 
hypnotics  work  in  a  complicated  manner,  by  no  means  who  > 
dependent  on  what  we  should  deserihe  as  purely  pharmacological 
acLiis,  and  the  symptoms  anil  signs  of  diseases  such  as  peptic 
ulcer,  ulcerative  colitis,  asthma  and  angina  pectoris  may  be  leadi  y 
innueiiced  by  a  niimhcr  of  apparently  non-specifie  agents. 


375 


(  OM PLICA  TI \a  PA  C  TOPS 

Attempts  to  assess  the  part  played  by  suggestion  have  been 
made  by  the  administration  of  dummy  tablets  (containing,  tor 
example,  lactose)  or  by  injections  of  sterile  saline  in  such  a  way 
that  the  patient  is  unaware  whether  he  is  receiving  an  inert  or  a 
pharmacologically  active  preparation.  Indeed  it  is  best  that  he 
should  not  be  told  of  the  possible  alternatives.  Such  inert  prepara¬ 
tions  have  shown  that  in  up  to  50  per  cent  of  administrations 
of  analgesic  drugs  the  relief  of  pain  is  independent  of  any  pharma¬ 
cological  action  (Asher,  1948).  Gill  (1948)  has  shown  how  patients 
with  peptic  ulcer  may  show  not  only  relief  of  symptoms,  but  also 
healing  of  the  ulcer,  after  injections  of  sterile  water. 

Now  it  is  perfectly  right  that  the  factor  of  suggestion  should  be 
made  full  use  of  in  therapeutics,  and  the  good  doctor  does  so, 
but  we  do  feel  that  some  distinction  should  be  made  between 
pharmacological  and  psychogenic  actions,  ii  for  no  other  reason 
than  that  the  former  may  thereby  be  more  effectively  reinforced 
by  the  latter. 

Exclusion  of  Other  Factors 

In  studying  the  influence  of  any  drug  upon  the  course  of  a 
disease,  it  is  important  to  take  account  of  the  effects  of  other 
procedures  which  may  be  simultaneously  used  in  the  treatment  of 
the  patient.  For  example,  the  beneficial  effects  of  rest  in  bed  on 
patients  with  heart  disease,  thyrotoxicosis,  peptic  ulcer  or  pul¬ 
monary  tuberculosis,  or  the  iniprovements  which  may  follow 
appropriate  diets  in  such  patients,  must  all  be  assessed  in 
attempting  to  define  the  influence  of  any  drugs  used  on  the  course 
of  events. 

Finally,  in  considering  the  influence  of  any  one  drug  on  the 
course  of  a  disease,  it  may  be  necessary  to  eliminate  all  other  drug 
therapy,  in  other  words  to  test  one  remedy  at  a  time.  In  some 
instances,  two  drugs  whose  different  actions  converge  towards  the 
same  end,  may  be  studied  in  combination,  e.g.  sulphonamidcs  and 
penicillin  in  pneumonia,  organic  mercurial  diuretics  and  acidifying 
agents  in  congestive  heart  failure,  or  streptomycin  and  [)-amino- 
salicylie  acid  in  pulmonary  tuberculosis.  In  all  cases  the  purpose 
of  a  therapeutic  trial  of  any  drug  is  to  determine  what  influence 
the  drug  has  on  the  course  of  the  disease  which  is  being  studied. 

\V  e  have  discussed  some  of  the  more  important  factors  relating 
to  therapeutic  trials  in  man,  and  we  have  seen  that  various 
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procedures  may  have  to  be  used  according  to  the  nature  of  the 
disease,  and  the  effectiveness  of  the  drug  under  investigation. 
Where  drug  actions  are  very  striking  only  the  simplest  of  statistical 
procedures  are  required,  but  in  other  cases  more  elaborate 
statistical  planning  and  analysis  are  essential  for  speedy  and 
eeonomical  evaluation,  and  in  the  following  section  a  simple 
outline  of  some  of  the  proeedures  employed  will  be  presented. 


Statistical  Methods  in  Therapeutic  Trials 

The  need  for  statistical  methods  in  therapeutic  trials  arises 
largely  from  the  variability  in  response  from  one  individual 
patient  to  another,  and  the  aim  is  to  find  some  approximate 
mathematical  expression  which  will  indicate  the  most  probable 
response  of  all  patients  with  a  given  disease  or  symptom,  when 
treated  with  a  given  drug.  It  is  most  important  to  realize  that 
statistical  methods  are  as  much  required  in  the  planning  of  the 
trial  as  in  the  analysis  of  the  results,  and  it  is  useless  to  expect  a 
statistician  to  extract  significant  answers  from  even  accurate  data 
collected  without  adeqiiatc  forethought  and  organisation.  Finally, 
no  amount  of  statistical  effort  can  compensate  for  inaccurate 
measurement  or  careless  observation. 

The  following  brief  exposition  of  statistics  in  relation  to  thera¬ 
peutic  trials  is  designed  firstly  to  summarize  some  essential  points 
in  the  approach  to  the  problem,  and  secondly  to  discuss  fully,  by 
way  of  illustration,  two  recent  important  papers.  The  following 
are  some  of  the  books  which  have  been  consulted  in  preparing  this 
section  and  readers  are  strongly  advised  to  refer  to  them  for  details 


wliich  may  not  be  clear  from  this  short  account. 

The  Principles  of  Medical  Statistics  by  A.  Bradford  Hill  (Ith 
Ed.  1948)  ;  this  excellent  book  is  designed  to  explain  statistics 
to  the  non-mathematical  medical  man,  and  is  the  soui'ce  ot  miic  i 
of  what  follows  ;  An  Introduction  to  the  Theory  of  Statistics  by 
G.  Udney  Yule  and  M.  G.  Kendall  (1946)  is  an  admirable  discussion 
for  more  mathematically  minded  readers  ;  two  ; 

Fisher,  Statistical  Methods  for  Research  Workers  (10th  Ld.  1946) 
and  The  Design  of  Experiments  (1947)  are  classical  masterpieces, 
but  definitely  dillicult  for  all  but  the  mathematician. 

The  first  problem  concerns  the  'presentation  of  s  a  is  .  * 

Bradford  Hill  has  emphasized,  the  fundamental  raw  data  must  be 
pre^Rcd  in  full  in  the  form  of  Tables.  The  eonstruetion  of  these 
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tables  is  designed  to  reveal  the  Frequency  Distribution  of  some 
event,  e.g.  the  ineidenee  of  death  or  survival  after  administration 
of  different  doses  of  a  drug  in  the  treatment  of  an  infection.  On 
the  basis  of  these  data  Graphs  may  be  drawn  to  reveal  the  trend  of 
events  to  a  rapid  glance  from  the  expert,  or  to  summarize  the 
whole  situation  for  the  statistically  resistant  reader  ;  it  must, 
however,  be  stressed  that  graphs  give  less  information  than  tables 
and  are  no  substitute  for  them.  The  tabulated  material  is  often 
presented  graphically  in  the  form  of  a  Frequency  Folygon,  or  more 
aecurately  as  a  Histogram.  Table  15  is  designed  to  illustrate  the 
teehnique  of  grouped  tabulation  of  data.  The  figures  are  taken 


Table  15 


Dose  of  Sodium 
Salicj’late 

Number  of  Indi¬ 
viduals  who 
developed  toxic 
symptoms 

0-20  grains 

1 

20- 

2 

40- 

8 

60- 

14  Mean  Toxic  Dose  =  135.1  grains 

80- 

18  Median  ,,  ,,  =130  ,, 

100- 

38 

120- 

26  Standard  Deviation 

140- 

27  =52.2  grains 

160- 

19  Coefft.  of  Variation 

180- 

19  =38.7% 

200- 

4  Standard  Error  of  Mean 

220- 

2  =3.82 

240- 

4 

260- 

1 

280-300 

4 

Total  187 

table  are  taken  from  a  paper  by  Ilanzlik 
^  number  of  Females  who  developed  toxic  symptoms 
after  different  doses  of  orally  administered  sodium  salicylate  (uLd  in 
t  rheumatic  fever).  Inset :  Some  statistical  measures  of 
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from  some  old  work  by  llanzlik  (1913)  on  individual  variations 
in  sensitivity  to  the  toxie  effects  of  sodium  salicylate  given  by 
mouth  to  patients  with  rheumatic  fever.  The  data  here  presented 
concern  only  females,  and  show  the  number  of  individuals  who 
developed  toxic  symptoms  after  different  doses  of  the  drug  when 
it  was  giv'en  hourly  (10-20  grains  in  each  dose).  Fig.  44  shows  a 
frequency  polygon,  and  Fig.  45  a  histogram  of  the  data  in  the  table. 


MODE 


MODE  - 110 


Fig.  44 

.\  frequency  polygon  of  the  data  set  out  in  table  lo. 


Now,  when  the  statistical  data  have  been  arranged  m  order  as 
just  described,  the  next  problem  is  to  find  some  relatively  simple 
mathematical  expression  to  describe  the  characteristics  of  the 
distribution.  This  is  of  course  particularly  necessary  when  it  is 
desired  to  compare  one  set  of  observations  with  another,  as  for 
example  in  comparing  the  therapeutic  effectiveness  of  two  differen 
drugs.  The  most  important  characteristics  of  any  frequeiuy 

distribution  are  : — 
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(1)  Tlie  Central  Tendency  of  the  observations  (Dawson,  1083). 

(2)  The  Degree  of  Scatter  or  Dispersion  of  the  observations. 
(1)  Mueh  the  most  eommonly  used  measure  of  the  central 

tendency  of  the  observations  is  the  Arithmetic  Mean  or  Average, 
which  is  the  sum  of  all  the  observations  divided  by  the  number  of 
observations.  Other  measures  used  are  the  Median  and  the  Mode. 
The  median  of  a  series  of  observations  is  the  value  of  the  central  or 
middle  observation  when  all  the  observations  are  arranged  in 
order  of  magnitude,  i.e.  half  the  observations  fall  below  and  half 
lie  above  it.  This  value  is  mueh  used  in  exjjerimental  pharma¬ 
cological  work  especially  in  measurements  of  drug  toxicity  where 


Fig.  4.> 

A  histogram  of  the  data  set  out  in  Table  15. 


the  expression  L.D.oO  refers  to  the  Median  Lethal  Dose.  The  mode 
is  the  most  frccpiently  occurring,  or  most  “fashionable,”  observa¬ 
tion  in  a  scries  ;  this  expression  is  mueh  less  used  than  the  mean 
or  median.  To  illustrate  these  measures  from  the  data  of  Table  15, 
It  is  found  that  the  mean  value  of  the  toxic  dose  of  sodium  sali¬ 
cylate  is  135.1  grains,  the  median  is  130  grains,  and  the  mode  is 
110  grains  (Fig.  44.). 


(2)  The  degree  of  seatter,  dispersion  or  variability  of  the 
observations  must  clearly  be  taken  into  account  in  any  frequenev 
distribution.  The  range,  i.e.  the  distance  between  the  lowest  and 
highest  values  of  the  observations,  is  the  simplest  measure  of 
scatter  but  is  usually  of  little  value  since  it  gives  no  estimate  of  the 
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distribution  of  the  majority  of  observations  within  that  range. 
Other  measures  of  seatter  inelude  :  («)  the  mean  deviation  which  is 
obtained  by  adding  together  (ignoring  the  sign  +  or  -)  the  devia¬ 
tions  or  differences  of  all  the  observations  from  the  mean,  and 
dividing  by  the  number  of  observations  ;  {b)  the  variance  which  is 
the  sum  of  the  squares  of  the  deviations  divided  by  the  number  of 
observations,  and  most  important  of  all  (c)  the  standard  deviation 
which  is  the  square  root  of  the  variance.  This  is  usually  expressed 
in  symbols  as  follows  — 


/2  d2 


where  a  —  Standard  Deviation 

Sd2=  the  sum  of  the  squared  deviations  from 

the  mean  and  n  =  the  number  of  observations. 


♦ 


The  variance  = 


2d' 


n 


For  the  actual  method  of  calculation  of  the  Standard  Deviation 
Bradford  Hill’s  Principles  of  Medical  Statistics  should  be  consulted. 

A  large  standard  deviation  means  that  the  frequency  distri¬ 
bution  is  widely  scattered  about  the  mean.  In  comparing  the 
standard  deviation  of  one  frequency  distribution  with  that  of 
another  it  is  important  to  appreciate  that  the  standard  deviation  is 
expressed  in  the  same  units  of  measurement  as  the  original 
observations.  In  order  to  compare  the  degrees  of  variability  in 
frequency  distributions  of  different  variables  measured  in  different 

units  the  Coefficient  of  Variation  is  used  ;  this  is  100  (where 

m  =  the  mean).  This  is  clearly  independent  of  the  units  of  measure¬ 
ment  used,  i.e.  it  is  a  mere  number. 


The  “Normal”  Distribution 

One  type  of  symmetrical  frequency  distribution  is  known  as 
the  “norwaZ”  distribution  (sometimes  called  the  Gaussian  distri¬ 
bution)  and  is  of  great  theoretical  and  practical  importance. 
Many  measurable  characteristics,  e.g.  stature,  show  this  distri¬ 
bution,  but  its  greatest  importance  lies  in  the  field  of  sampling 
which  will  be  discussed  later.  The  essential  characteristics  of  the 
“normal”  frc(]uency  distribution  arc  : 

(i)  the  mean,  median  and  mode  all  coincide. 

(ii)  the  curve  is  symmetrical  about  the  mean. 
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(iii)  the  proportion  of  observations  wliicli  will  lie  in  the  interval 
between  the  mean  and  the  mean  plus  (or  minus)  any  multiple  of 

the  standard  deviation  can  be  calculated.  ,  c  r 

e.g.  the  iH’oportion  of  observations  which  he  within  1  b.D.  from 

the  mean,  i.e.  within  the  range  m  —  cr  to  in  +  ci  (where  m  — mean) 

=  68.27  per  cent 

the  proportion  of  observations  which  lie  within  2  S.D. 

^  '  =95.45  per  cent 

the  proportion  of  observations  which  lie  within  3  S.D. 

=  99.73  per  cent 


Fig.  40 

Normal  Frequency  Distribution 

Histogram  based  on  hypothetical  data  of  the  stature  of  1000  normal 
men  ;  a  Normal”  Curve  has  been  superimposed  on  the  histogram 
and  the  distances  of  1,  2  and  3  standard  deviations  from  the  mean 

are  indicated. 

(After  Bradford  Hill,  1948.) 
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Thus,  witli  measurements  that  show  a  normal  distribution 
nearly  1  m  .3  will  differ  from  the^meaii  value  of  the  population  by 
more  than  1  S.I).,  1  in  20  will  differ  from  the  mean  by  more  than 

2  S.D.,  and  only  1  in  .370  will  differ  from  the  mean  bv  more  than 
.3  S.D. 


Problems  of  Sampling 


In  praetieal  statistieal  problems  it  is  nearly  always  the  ease  that 
the  observations  utilized  are  only  a  sample  from  what  statisticians 
term  a  universe.  Ihe  term  ‘‘Universe”  in  this  sense  means 
“Universe  of  Discourse”  and  retpiires  definition  in  all  statistical 
investigations.  Let  us  take  an  example.  Suppose  we  were  studying 
the  effects  of  some  new  drug  in  the  treatment  of  pneumonia,  we 
should  firstly  define  the  criteria  for  diagnosis  of  this  disease,  and 
then,  by  methods  to  be  discussed  in  this  section,  we  should 
allocate  a  certain  number  of  patients  to  “control”  and  “treated” 
groups.  Now  our  particular  study  would  necessarily  be  restricted 
both  in  time  and  in  the  number  of  j)atients  treated,  and,  strictly 
speaking,  our  residts  would  apply  only  to  the  recorded  observa¬ 
tions.  But  during  the  same  period  of  time  there  would  also  be 
large  numbers  of  other  patients  with  pneumonia  not  included  in 
the  investigation,  and  the  total  number  of  these  patients,  plus 
our  series,  would  be  described  as  our  universe  of  discourse,  of 
which  the  cases  we  hav'e  studied  would  be  only  a  sam])le.  What  we 
really  want  to  know  is  (i)  how  far  our  results  apply  to  the  whole 
universe  from  which  our  })atients  were  selected,  and  (ii)  how 
frecpiently  the  observed  diflerenee  between  “control”  and  “treated” 


groups  would  occur  as  the  result  of  random  selection  from  this 
universe.  This  is  the  essence  of  the  problem  of  sampling.  A  sample 
is  a  selected  number  of  individuals  each  of  which  is  a  member  of 
a  j)articular  universe.  It  is  frecpiently,  and  rightly,  assumed  in 
ordinary  life  that  samples  give  useful  information  about  universes 
of  various  kinds,  and  it  is  also  generally  appreciated  that  the  larger 
the  sample  becomes,  the  more  accurately  will  it  rcllect  conditions 
in  the  parent  universe. 

The  problem  of  sampling  is  of  great  importance  in  experimental 
pharmacology  and  therapeutics,  since  it  is  impossible  in  practice 
to  do  more  than  a  limited  nund)er  of  experiments  to  test  a 
particular  drug  action.  It  is  therefore  necessary  to  discuss  this 
(question  in  some  detail  ;  practical  ilhisti’ations  will  be  given 
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later  from  recent  therapeutic  studies  of  the  actions  of  streptomycin 
in  pulmonary  tuberculosis,  and  of  anticoagulants  in  myocardial 
infarction. 

Selection  of  the  Sample  i  ,,  r 

The  first  problem  is  the  question  of  selection  of  individuals  for 

the  test  since  it  is  desired  to  make  the  sample  as  representative  as 
possible  of  the  universe  as  a  whole.  Now  there  are  two  main  types 
of  sampling  ;  {a)  random,  (h)  purposive.  In  random  sampling  each 
member  of  the  universe  has  the  same  chance  of  being  chosen, 
whereas  in  purposive  sampling  individuals  are  selected  for  some 
particular  characteristic,  c.g.  sex  or  age  group.  It  is  clearly  possible 
to  combine  the  two  procedures,  e.g.  after  initial  segregation  of 
individuals  into  their  appropriate  sex  and  age  groups,  subseciuent 
studies  of  the  individuals  allocated  to  each  group  could  use  the 
techniques  of  random  sampling.  In  any  case  the  aim  is  to  eliminate 
as  far  as  jiossible  the  errors  which  arise  from  conscious  or  un¬ 
conscious  human  bias. 

In  therapeutic  trials  where  it  is  desired  to  test  the  effect  of  a 
drug  on  the  course  of  some  disease,  the  most  satisfactory  procedure 
is  to  divide  the  patients  approximately  into  two  numerically  eipial 
groups,  one  of  which  receives  the  drug  while  the  other  group  serves 
as  a  control.  To  elicit  the  greatest  amount  of  information  from  the 
trial  the  two  groups  of  patients  shoidd  be  the  same  in  all  relevant 
respects,  apart  from  the  administration  of  the  drug.  It  is  thus 
elear  that  great  care  must  be  taken  to  avoid  bias  in  the  allocation 
of  patients  to  the  two  groups,  and  various  methods  have  been 
adopted  for  this  purpose. 

(1)  Alternate  patients,  regardless  of  their  age,  sex,  or  severity 
of  illness,  arc  allocated  to  the  “treated”  and  “control”  groups. 
Purposive  selection  into  sex  and  age  groups  may  precede  such 
random  allocation.  A  similar  procedure  is  that  in  which  patients 
admitted  to  hospital  on  odd  days  of  the  month  are  allocated  to 
the  treated  group  and  those  admitted  on  even  days  serve  as 
controls. 

(‘2)  I  he  sample  of  patients  may  be  made  more  truly  random  by 
the  use  of  special  procedures,  such  as  selection  by  means  of  random 
sampling  numbers.  Bradford  Hill  in  the  study  on  the  clfects  of 
streptomycin  in  pulmonary  tuberculosis  to  be  described  later, 
used  such  a  technique  so  that  for  each  sex,  at  each  hospital 


384. 


THE  ACTIONS  OF  DRUGS  IN  MAN 


centre  where  the  investigation  was  performed,  a  set  of  sealed, 
numbered  envelopes  contained  randomly  selected  cards  which 
assigned  patients  to  the  treated  or  control  series.  To  avoid  any 
psychological  bias  none  of  the  investigators  were  told  anything  of 
the  details  of  the  method  of  selection,  and  the  patients  were  not 
told  that  they  were  to  receive  any  special  treatment,  or  to  act  as 
controls.  The  only  fact  which  might  have  aroused  their  suspicions 
was  their  more  speedy  admission  to  hospital  ! 

Variability  of  Means  of  Samples 

The  aceuracy  of  a  value  calculated  from  a  sample  depends  on  (i) 
the  size  of  the  samj)le,  and  (ii)  the  variability  of  the  characteristic 
within  the  universe  from  which  the  sample  is  taken.  Factor  (i)  is  of 
course  known,  but  (ii)  is  very  rarely  known,  hence  it  is  necessary  to 
consider  how  it  may  be  estimated,  so  that  we  ean  get  some  idea  as 
to  how  representative  our  sample  is  of  the  universe  as  a  whole. 

If  repeated  samples  of  the  same  size  are  taken  from  a  given 
universe  the  means,  standard  deviations  and  proportions  will  vary 
from  sample  to  sample  according  to  the  laws  of  chance.  It  can, 
however,  be  proved  that  the  means  (and  other  statistics)  of  the 
samples  will  show  a  “normal”  distribution  about  their  true  value 
in  the  universe.  Thus,  as  in  the  case  of  the  frequency  distribution 
of  a  series  of  observations  (p.  380),  we  can  estimate  the  probability 
that  the  mean  of  a  given  sample  will  differ  from  the  true  mean  by 
more  than  once,  twice  or  three  times  the  standard  deviation.  How¬ 
ever  it  must  be  noted  that  the  standard  deviation  of  the  mean  of 
the  universe  is  not  knovvm,  since  usually  only  one  sample  is  taken, 
but  it  can  be  further  shown  that  the  standard  deviation  of  the 
means  of  samples =the  standard  deviation  of  the  individuals 
sampled  in  the  population/thc  square  root  of  the  number  of 
individuals  in  the  sample.  This  value  is  termed  the  Standard 
Error  (S.E.)  of  the  mean  and  may  be  written  thus 


S.E.  = 


(7 

•v/n 


This  enables  one  to  estimate  how  far  the  mean  of  a  sample  differs 
from  the  true  mean  of  the  universe,  but  it  is  important  to  realize 
that  this  relation  is  only  applieable  where  n  is  large,  and  shoult 
be  used  with  caution  when  n  is  less  than  100. 
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PROPORTIONS  AND  PERCENTAGES 

Proportions  and  Percentage  Statistics 

Another  statistical  value  of  great  practical  importance  is  the 
proportion  or  percentage.  It  can  be  shown  that  the  S.ti.  of  a 

percentage  is  ^_51  where  p  is  the  percentage  of  individuals 

belonging  to  one  category  (e.g.  alive),  q  is  the  percentage  belonging 
•  to  the  other  category  (e.g.  dead),  and  n  is  the  number  of  individuals 
in  the  sample. 

Now  the  commonest  problem  in  pharmacotherapy  is  to  assess 
the  effectiveness  of  a  drug  by  comparing  the  results  in  a  treated 
group  of  patients  with  those  in  some  control  group.  If  the  control 
group  is  very  large,  as  for  example  where  it  consists  of  many 
thousands  of  patients  previously  observed,  the  values  of  the  mean 
and  S.D.  of  this  group  may  be  regarded  as  the  values  for  the 
universe,  and  it  is  then  merely  necessary  to  determine  the  S.E. 
of  the  mean,  or  the  proportion,  of  the  treated  group.  If  these 
latter  values  differ  markedly  from  those  of  the  universe  the 
probability  of  such  a  difference  occurring  by  chance  is  very 
small,  and  it  is  very  likely  that  the  difference  is  due  to  the  effect 
of  treatment. 

In  most  cases,  however,  the  values  for  the  universe  are  not 
known.  For  many  reasons  it  is  usually  best  to  make  simultaneous 
observations  on  treated  and  control  patients,  so  the  problem  is 
how  to  test  the  significance  of  the  observed  differences  between 
the  two  groups.  There  are  two  measures  of  great  importance  in 
this  eonnection. 

(1)  The  Standard  Error  of  the  Difference  between  Two  Aleans 

e  have  seen  that  the  means  and  S.D.  of  samples  of  a  given 
size  taken  from  the  same  population  are  “normally”  distributed 
about  the  true  values  for  the  whole  population.  It  can  be  shown 
that  the  differences  between  the  means  of  any  two  large  samples 
from  the  same  population  are  also  “normally”  distributed. 

The  S.E.  of  the  difference  between  two  means  can  be  calculated 
m  two  ways  which  give  closely  similar  results. 


(a)  S.E.  =  Jt.  + 

ni  112 
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where  a  =  the  standard  deviation  of  all  the  observations  in  the  two 
samples  combined,  and  n^  and  iig^the  numbers  in  the  two  samples. 


{b)  S.E. 


\ 


/ai2 

/  —  + 

n. 


a. 


n. 


where  and  02  =  the  standard  deviations  of  the  observations 
in  the  two  samples,  and  n^  and  n2=the  numbers  of  observations  in 
the  two  samples. 


(2)  The  Standard  Error  of  the  Difference  between  Two  Projiortions 
This  may  also  be  calculated  in  two  ways  : — 


(«) 


S.E.  =  + 


n. 


PXq 

1I2 


where  p  and  q  are  the  percentages  in  both  samples  combined 
which  have,  and  do  not  have,  the  characteristic,  and  n^  and  112= 
the  numbers  of  observ'ations  in  the  two  samples. 


(b)  S.E.  = 

n, 


P2Xq2 


m 


where  p^  and  (p  are  the  percentages  in  one  sample,  P2  aiid  qg  the 
percentages  in  the  other,  and  n^  and  112  the  numbers  of  obser\  ations 
in  the  two  samples. 


Significance  of  Differences 

A  very  important  question  is  the  significance  of  differences 
between  two  means  or  proportions.  All  that  is  revealed  by  t  lese 
tests  is  the  probability  of  such  differences  occuiring  by  c  lance,  on 
the  assumption  that  the  sanqdes  are  drawn  from  the  same  umv’erse. 
If  the  observed  difference  between  two  means  or  pro^rtions 
ecpials  twice  the  value  of  the  S.E.  of  the  difference,  such  a  tliff^renc^ 
would  occur  bv  chance  roughly  once  m  20  tests  ;  if  t  le  o  ser 
difference  is  2^  times  the  S.E.  it  would  occur  by 
80  tests,  an, I  if  it  is  S  times  tl,e  S.E.  it  would  occur  o'  «  ^ 

tests.  It  is  clear  then  that  these  tests  provide  ^  ^ 

or  disproof  of  any  hypothesis  ;  they  merely  indicate  the  1  ke 
:  e"obs.rve<l  differences  being  <hic  to  t'-e  rf'-oes  o  — 

sampling,  aiul  it  is  permissible  to  seleet  any  level  of  significance 
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test 

for  anv  particular  type  of  investigation.  The  commonest  pro¬ 
cedure  is  to  regard  as  significant  a  difference  which  exceeds  twice 
the  S.E.;  this  is  called  the  5  per  cent  level  of  significance  since 
such  a  difference  would  occur  by  chance  less  than  once  m  20  tests. 
For  nianv  purposes,  as  in  much  experimental  idiarmacological 
work,  this  level  is  regarded  as  satisfactory  hut  it  is  important  to 
understand  the  arbitrary  nature  of  this  estimate.  For  other 
purposes  the  1  per  cent  (or  even  0.1  per  cent)  level  of  significance 
is  desirable  so  that  the  iirobability  of  the  observed  differences 
occurring  liv  chance  is  1  in  100  (or  1  in  1,000), 


The  y2  Test 

We  have  considered  tests  of  significance  of  differences  between 
means  and  iirojiortions,  but  there  are  many  cases  where  it  is 
desired  to  comjiare  the  characteristics  of  two  or  more  groups. 
For  the  comparison  of  such  distributions  Karl  Pearson  introduced 
what  is  called  the  /“  test  (“chi  scpiarcd”  test).  It  is  possible  with 
this  test  to  study  the  significance  of  differences  between  say 
various  batches  of  serum  in  the  prevention  of  measles,  or  between 
various  drugs  on  a  giv'en  infection. 

A  very  useful  application  of  the  test  is  to  what  is  called 
the  “Fourfold"  Table. 


Table  1G 


No.  of  Individuals 

e-g. 

Treated 

Controls 

Total 

Survived 

.  a 

c 

a  +  c 

Died 

1) 

(1 

h  +  d 

Total 

a  +  1) 

c  +  d 

a  +  b  +  c  +  d 

Suppose  that  a  drug  was  being  tested  for  its  effect  in  some 
infection  with  a  fairly  high  mortality  rate  (e.g.  siilphonamides 
in  pneumococcal  pneumonia),  the  effectiveness  of  the  drug  could  be 
assessed  in  terms  of  survival  or  death  and  the  numbers  in  each 
group  could  be  entered  in  the  table  as  indicated  above. 
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The  value  of  in  this  ease  can  be  calculated  from  the  formula 


2  _  (nd  bc)^(a-|-b-]-c-hd) 

(a  +  b)(c+d)(a+c)(b-f  dj 

A  table  of  values  of  (c.g.  in  Fisher’s  Statistical  Methods  for 
Research  Workers)  is  tlicn  consulted  and  the  value  of  Probability 
(P)  is  read  of!'  against  n  (the  no.  of  degrees  of  freedom)  which  for 
this  2  x2  — lold  table  =  l.  This  gives  the  ))robability  of  the  differ¬ 
ence  between  the  treated  and  control  patients  being  due  to 
sampling  chances. 

The  Number  of  Observations  Required 
for  Significant  Results 

A  question  that  naturally  arises  in  therapeutic  tests  is  how  many 
patients  should  be  included  in  each  group  to  give  significant 
results  ?  This  question  cannot  be  answered  in  advance  since  it 
depends  on  the  differences  rev'ealed  in  the  course  of  the  inv'estiga- 
tion.  To  quote  an  example  given  by  Bradford  Hill  {loc.  cit.  p.  238), 
suppose  that  in  a  certain  disease  the  fatality  rate  was  40  per  cent 
in  the  control  group  and  20  per  cent  in  the  treated  group,  the 
question  is  to  find  the  smallest  number  of  patients  which  must  be 
present  in  each  group  to  make  this  difference  statistically  signifi¬ 
cant.  If  the  difference  between  these  proportions,  i.e.  20  per  cent, 
is  equal  to  twice  the  standard  error  of  the  difference  between  the 
tw'o  proportions  (which  takes  into  account  the  numbers  involved) 
it  means  that  such  a  difference  would  occur  by  chance  once  in  20 
trials  (P  =  0.05).  If  this  be  taken  as  the  level  of  significance  it  can 
be  shown  that  42  patients  would  have  to  be  included  in  each  group. 
If  the  fatality  rates  had  been  40  per  cent  and  30  i)cr  cent  respec¬ 
tively  the  number  of  patients  in  each  group  would  have  to  be  182 
to  reach  this  level  of  significance,  and  if  the  fatality  rates  had  been 
4  per  cent  and  2  per  cent  the  number  required  would  be  GOO  in 

each  group. 

It  will  be  noted  that  these  examples  assume  the  percentage 
differences  to  be  established,  but  in  practice  these  figures  will 
not  be  known  until  some  trials  have  been  made,  so  it  is  clear  that 
no  accurate  forecast  can  be  made  of  the  numbers  required  to 
establish  a  significant  difference  between  the  two  groups. 
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Methods  for  Dealing  with  Small  Samples 

It  has  so  far  been  assumed  that  the  samples  studied  liave  been 
large,  i.e.  that  they  consisted  of  at  least  50-100  observations. 
Where  smaller  numbers  are  coneerned  the  measurement  of  the 
standard  deviation  is  more  accurately  represented  as 


S.l).  =  ./  _ instead  of  ./ - 

^  n— 1  ^  n 

Indeed,  the  former  is  the  correct  representation  for  all  eases,  but 
when  large  numbers  of  observatioiis  have  been  collected  no 
significant  error  results  from  the  use  of  n  instead  of  n  — 1. 

When  it  is  desired  to  estimate  the  signifieanec  of  differences 
between  means  of  small  samjdes,  what  has  been  called  the  t-test, 
introduced  by  a  Civil  Service  statistician  who  published  his  w'ork 
under  the  nom-de-phnne  “Student,”  may  be  employed.  An 
extension  of  “Student's”  /-test  to  the  comparison  of  two  means 
has  been  described  by  H.  A.  Fisher  and  for  details  of  its  application 
the  reader  must  be  referred  to  this  author’s  Statistical  Methods 
for  Research  Workers.  It  shoidd  here  be  emphasized  that  with 
very  small  samples,  e.g.  four  or  five  observations,  statistically 
significant  results  cannot  be  obtained. 

Examples  of  the  Application  of  Statistical  Methods 
in  Therapeutic  Trials 
Streptomycin  in  Pulmonary  Tuberculosis 
A  recent  investigation  on  the  short-term  effects  of  streptomycin 
in  the  treatment  of  pulmonary  tuberculosis  will  now  be  described 
to  illustrate  many  of  the  factors  which  arise  in  tlie  performance 
of  a  proper  therapeutic  trial.  The  impiiry  was  planned  and  directed 
by  a  special  committee  on  behalf  of  the  Medical  Research  Council 
and  the  results  have  been  reported  in  the  liritish  Medical  Journal 
(1948)  (see  also  p.  160),  At  the  commencement  of  this  work  in 
1946  the  supply  of  streptomycin  was  small,  and  it  was  felt  that 
in,  a  disease  with  such  a  variable  and  unpredictable  natural 
course  as  pulmonary  tuberculosis,  the  greatest  care  should  be 
taken  to  use  the  available  cpiantities  to  the  best  advantage. 
The  first  problem  w'as  the  choice  of  the  most  suitable  type  of  case 
and  for  several  reasons  the  patients  were  selected  according  to 
the  following  criteria  :  “acute  progressive  Iiilateral  pulmonary 
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tuberculosis  of  presumably  recent  origin,  baeteriologically  proved, 
unsuitable  for  collapse  therapy,  age  group  15-30.”  The  selection 
of  this  type  of  disease  fully  justified  the  allocation  of  a  number  of 
patients  to  a  parallel  control  series  which  was  treated  by  bed-rest 
alone.  107  patients  were  studied  in  the  trial.  5.5  receiving  strepto¬ 
mycin  and  52  serving  as  controls. 

The  allocation  of  the  patients  to  the  “streptomycin bed-rest” 
group  (S),  or  to  the  “bed-rest  alone”  group  (C)  was  decided  by  a 
procedure  based  on  random  samjiling  numbers.  Patients  were  not 


Table  17 


CONDITION  ON  ADMISSION 


GENERAL 

CONDI 

TION 

S 

GROUP 

C 

GROUP 

MAX.  EVENING 

TEMP 

IN  FIRST  WEEK 

S 

GROUP 

c 

GROUP 

SEDIMENTATION 

RATE 

S 

GROUP 

C 

GROUP 

GOOD 

8 

8 

98—98-9*  F 
(36  7— 37-l5*C.) 

3 

4 

0-10 

0 

0 

FAIR 

17 

20 

99-  99  9°  F 
(37  2—  37-75'’c.) 

13 

12 

11—20 

3 

2 

POOR 

30 

24 

100-00-9°  F 

15 

17 

21-50 

16 

20 

(37  6  — 38-25*C  ) 
Oi’F  (38-3*C.)-k 

24 

19 

51  + 

36 

29 

total 

55 

52 

total 

55 

52 

TOTAL 

55 

51 

General  condition,  maximum  evening  temperature  and  blood  sedi¬ 
mentation  rate  of  patients  with  pulmonary  tubereulosis  before  ad¬ 
ministration  of  streptomycin.  S- Streptomycin  treated  group.  (- 

Controls. 

(Data  from  Medical  Research  Council  Report,  1948.) 


told  before  admission  that  they  were  to  be  given  special  treatment, 
and  C  patients  did  not  know  that  they  were  acting  as  controls 
After  thorough  initial  clinical,  radiological  and  pathological 
examinations  eacl.  patient’s  comlition  was  rc-asscsso.l  at  monthly 
intervals  for  six  montlis.  I’artienlar  rare  was  taken  m  tlie  mter- 
, , rotation  of  the  X-ray  lilms.  whieh  were  all  viewed 
by  two  ra.liologists  and  a  elimenm  who  dal  not  know  whcthei  tl 

films  belonged  to  C  or  S  cases. 

Each  pat^ient  was  kept  under  observation  lor  ‘‘A JoHst  one  neck 
before  the  treatment  or  control  period  started.  1  able  1/  s  io\\s 


STREPTOMYCIN  IN  PULMONARY  TUBERCULOSIS  391 

that  most  of  the  patients  were  aeutely  ill,  and  the  data  also  show 
that  random  distribution  had  equalized  the  groups,  with  a 
sliffhtlv  greater  number  of  severe  cases  in  the  S  group. 

Streptomycin  was  given  to  S  patients  by  intramuscular  in- 
iections,  the  total  daily  dosage  being  2  G.,  given  in  4X0.5  G. 
doses  6  hourly.  The  duration  of  treatment  in  most  of  the  patients 

was  four  months. 


Results  at  the  End  of  Six  Months 

Mortality  Rate.  4  of  the  55  patients  (7  per  cent)  and  14  of  the 
52  C  patients  (27  per  cent)  died  before  the  end  of  six  months. 
The  significance  of  this  difference  may  be  tested  by  determining 
the  standard  error  of  the  difference  between  the  two  jiroportions. 
This  is  calculated  from  the  formula 


PiXqi 


P2Xq2 

^2 


Pj  and  p2  =  percentage  of  those  dying,  and  ip  and  (|2  —  percentage 
of  those  surviving  in  each  group,  and  n^  and  112  are  the  numbers 
in  each  group.  Thus  the  standard  error  (S.Pi.)  of  the  difference 
between  the  proportion  in  the  S  group  and  the  jiroportion  in  the 
C  group  is _ 


/7X93  27X73 

^  ~55  5^ 


7.1% 


The  observed  difference  between  S  and  C  groups  is  27  —  7  =  20  per 
cent  which  is  nearly  3  times  the  S.E.  The  probability  of  this 
difference  occurring  by  chance  is  less  than  0.01  (1  in  100)  ;  other 
things  being  equal,  and  great  care  was  taken  to  make  them  so, 
this  suggests  that  streptomycin  had  a  significant  influence  on  the 
mortality  rate  at  the  end  of  six  months. 

An  addendum  to  the  report  showed  that  at  the  end  of  one  year 
12  of  55  S  patients  (22  per  cent)  and  24  of  52  C  patients  (46  per 
cent)  had  died.  Here  the  S.E.  of  the  difference  of  the  proportions  is 


55 


52 


The  observed  difference  is  24  per  cent  which  is  over  2^  times  the 
S.E.  of  the  difference  between  these  proportions  ;  the  jirobability 
of  this  difference  occurring  by  chance  is  less  than  1  in  80. 
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Such  difTerences  in  mortality  rate  are  the  simplest  measures 
of  effectiveness  of  the  streptomyein  treatment,  but  it  is  obviously 
desirable  to  take  aecount  of  other  faetors  in  making  a  final 
assessment. 

Radiological  Appearances.  At  the  end  of  six  months  the  radio¬ 
logical  assessment  was  “considerable  improvement”  in  28  of  55 
S  patients  (51  per  cent)  and  in  4  of  52  C  patients  (8  per  eent). 
The  probability  of  such  a  difference  occurring  by  chance  is  less  than 

1  in  10  million. 

It  was  also  shown  that  the  greater  radiological  improvement 
seen  in  the  S  cases  was  mainly  in  patients  who  were  elinieally 
acutely  ill  on  admission.  Thus  among  patients  having  initial 
evening  temperatures  of  101°F.  or  over,  13  of  24  S  patients  and 

2  of  19  C  patients  showed  radiologieal  improvement,  elearly  a 
significant  difference.* 

Other  Factors.  Changes  in  general  condition,  temperature,  body 
weight,  sedimentation  rate  and  bacillary  content  of  the  sputum 
were  considered  but  are  more  diffieult  to  evaluate  numerically. 
The  toxicity  of  streptomycin,  and  the  development  of  drug 
resistance,  were  of  course  also  studied  but  will  not  be  diseussed 
further  here  as  they  have  been  dealt  with  in  Chap.  7. 

This  investigation  has  been  discussed  in  detail  (though  by  no 
means  exhaustively)  to  illustrate  how  a  therapeutic  experiment 
can  be  designed  and  carried  out.  It  will  be  noted  that  the  eases 
were  of  only  one  type  of  pulmonary  tuberculosis  and  the  results 
here  recorded  might  not  apply  to  other  types  of  the  disease. 
Moreover  a  fixed  daily  dose  (2  G.)  of  streptomycin  was  given. 
It  is  clear  then  that  further  (jiiestions  remain  to  be  answered, 
but  it  should  at  least  be  salutary  to  those  who  regard  the  thera¬ 
peutic  assessment  of  a  drug  as  a  simple  problem,  to  realize  how 
much  work  is  required  for  the  design,  performance  and  interpreta¬ 
tion  of  such  an  experiment. 


Anticoagulant  Therapy  of  Coronary  Thrombosis 
with  Myocardial  Infarction 

Another  illustration  of  a  controlled  therapeutic  test  is  provided 
by  some  recent  American  work  re])orted  by  fVright  et  al.  (1948). 


*It  will  be  noticed  that  the  numbers  of  individuals  in  this  ease  are  sniall, 
and  the  significance  of  the  differences  would  have  to  be  assessed  by  the /-test 
previously  mentioned  (p.  389). 


AST  ICO  AGUL  ANTS  IN  CORONARY  THROMBOSIS  393 


The  problem  was  to  assess  the  value  of  anticoagulant  therapy  in 
eoronary  thrombosis  with  myocardial  infarction  ;  the  possible 
modes  of  benefit  have  been  considered  in  Chap.  14.  A  special 
committee  was  appointed  in  1946  by  the  Board  of  Directors 
of  the  American  Heart  Association  to  consider  the  question,  and 
it  was  arranged  that  patients  should  be  studied  in  16  hospitals  in 
different  parts  of  the  U.S.A.  The  results  reported  relate  to  800 
eases. 

The  prineiples  of  administration  of  the  anticoagulants  were 
briefly  outlined.  Heparin,  if  used,  was  given  only  during  the 
first  48  hours  of  treatment,  and  generally  dicoumarol  alone  was 

e  basie  anticoagulant  tl  iroughout  this  work.  The  dosage  of  the 
latter  was  regulated  to  keep  the  prothrombin  time  between  30  and 
50  sec.  (normal  =  15-17  sec.;  30-40  sec.  =  10-20  per  cent  of  normal 
prothrombin  level).  Dieoumarol  therajiy  was  maintained  for  at 
least  30  days,  and  preferably  for  30  days  after  the  last  thrombo¬ 
embolic  episode.  The  method  of  allocation  of  patients  to  the 
Control  aiul  Treated  groups  was  siinjilc,  viz.  those  admitted  on 
even  days  of  the  month  served  as  controls,  and  those  admitted  on 
odd  days  were  given  anticoagulant  therapy.  The  following  table 
shows  how  this  method  of  selection  caused  a  very  satisfactory 
distribution  of  the  patients  according  to  age,  sex,  etc.,  between 
the  two  groups  : — 


Table  18 


Controls 

Number  .  .  308 

Average  Age  .  60  years 

%  males  .  .77% 

One  or  more  previous 
infarctions  .  24  0/ 

Illness  “severe”  at 
onset  ,  ^  2,3  % 

Anticoagulants  .  In  1°2%  after 

complications 


Treated 

4.32 

.59  years 
76% 

22% 

30% 

81  %  Dicoumarol  alone 


14%  Dieoumarol  +  Heparin 
5  %  Anticoagulants  not  given 
(owing  to  contraindications 
3%,  and  errors  in  2%). 
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It  will  be  noted  from  the  table  that  12  per  eent  of  eontrols  were 
later  given  anticoagulants  ;  it  is  also  interesting  to  find  that  3  per 
cent  of  the  patients  allocated  to  the  treated  group  were  considered 
unsuitable  for  anticoagulant  therapy  owing  to  renal  or  hepatic 
disease,  or  haemorrhagic  states. 

The  effects  of  anticoagulant  therapy  were  assessed  in  a  number  of 
ways.  The  simplest  numerical  expression  of  the  difference  between 
the  two  groups  is  provided  by  the  respective  mortality  rates — • 
24  per  cent  in  the  controls,  14.9  per  cent  in  the  treated  group. 
By  calculating  the  standard  error  of  the  difference  between  these 
proportions  it  is  shown  that  such  a  difference  would  occur  by 
chance  once  in  900  tests. 

The  difference  between  treated  and  untreated  cases  could  also 
be  tested  by  calculating  from  the  “Fourfold”  Table  as  follows  : 


Table  19 


No.  surviv'^ed 
No.  died 


Number  of  Individuals  Total 

Treated  Not  Treated 
367  (a)  280  (e)  647  (a  +  e) 

65(b)  88(d)  153  (b  +  d) 


432  (a  +  b)  368  (e  +  d) 


(ad-be)Ma  +  b  +  c  +  d)  (32296-18200)^(800)  ^ 

■/^  =  [a  +  b)(c  +  d)(a  +  c)(b  +  ^  (432  X  368  X  647  X  153) 


To  find  the  value  of  F  the  table  of  y}  in  Statistical  Methods  for 

Research  Workers  hy  Fisher  (1M«)  [  “o  00  T 

of  P  when  y2  =  10.1  and  n  (degrees  of  freedom)-!,  is  0.0016. 

This  means  that  the  likelihood  of  such  a  difference  arising  by 
chance  is  about  1  in  630.  These  results  show  how  even  small 
percentage  differences  may  be  significant  when  large  numbers 

of  individuals  occur  in  each  group. 

A.iother  iniportaTit  ol>servatio.i  reveals  the  benefits  of  anti 

coagulant  therapy  as  follows 


Thromboembolic  Complications 
before  Death 
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This  (liflerciice  would  occur  by  cliauce  less  than  1  in  10, 000  times. 
Other  data  such  as  the  death  rates  during  different  weeks  of  the  ill¬ 
ness.  death  rates  by  age  groups,  and  types  and  locations  of 
thrombo-embolic  complications  all  showed  differences  betweeti  the  * 
control  and  treated  groups,  whose  significance  varied  in  such  a  way 
as  to  suggest  that  the  effects  of  anticoagulant  therapy  were  most 
marked  during  the  first  four  weeks  of  the  illness,  and  that  the 
benefits  were  much  greater  in  patients  over,  than  in  those  under, 
60  years  of  age. 

The  frequency  of  complications  must  of  course  be  set  against 
the  benefits  of  this  form  of  treatment.  Hicmorrhage  of  various 
kinds  is  the  only  serious  hazard,  and  was  observed  in  6  per  cent 
of  the  control  series  and  12.4  per  cent  of  the  treated  cases. 
Bleeding  attributable  to  the  anticoagulants  occurred  in  7  per  cent 
of  all  treated  patients.  Of  these  30  cases,  15  were  classified  as 
mild,  14  as  moderate,  and  only  one  as  severe. 

The  figures  given  in  this  report  siqiport  the  interpretation  that 
anticoagulants  improve  the  outlook  for  patients  with  coronary 
occlusion  and  myocardial  infarction,  and  that,  with  proper 
laboratory  control  of  the  plasma  ])rothrombin  level  (at  10-20  per 
cent  of  the  normal),  the  occurrence  of  luemorrhage  rarely  neces¬ 
sitates  cessation  of  treatment. 
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CHAPTER  18 


THE  CONTROL  OF  THE  BODY  FUNCTIONS 
BY  CHEMICAL  SUBSTANCES 


One  of  tlie  most  important  developments  in  modern  pliarma- 
cology  is  the  increasing  realization  that  a  number  of  processes 
which  occur  i?i  the  body,  under  normal  and  abnormal  conditions, 
are  under  the  control  of  chemical  substances  which,  one  by  one, 
are  being  identified.  It  has  long  been  known  that  the  changes 
which  occur  in  a  single  cell,  obscure  as  they  arc,  must  be  essentially 
of  a  pliysico-chcrnical  nature.  Rut  the  mechanisms  l)y  which  the 
activities  of  cells  are  correlated  and  co-ordinated  in  a  multicellular 
organism  arc  only  gradually  being  elucidated.  The  discovery  of 
hormones  marked  a  vital  stage  in  this  elucidation.  It  w'as  then, 
for  a  time,  believed  that  the  hormonic  mechanism  of  control, 
superimposed  on  and  additional  to  that  of  the  nervous  system, 
involved  the  production  of  chemical  substances,  while  the  activity 
of  the  nervous  system,  central  and  peripheral,  w'as  dependent  on 
changes  which  were  essentially  physical  in  nature.  Rut  the  work 
and  speculations  of  Elliot,  Loewi  and  Dale  presently  showed  how 
important  a  part  is  played  by  chemical  substances  in  the  trans¬ 
mission  of  the  nervous  impulse  from  the  nerve  to  the  affected 
organ,  muscle  or  gland,  and  in  the  ganglia.  And  their  pupils  are 
now  investigating  to  what  extent  these  substances  are  also  con¬ 
cerned  in  the  transmission  of  the  impulse  in  the  central  nervous 
system. 


Another  aspect  of  this  same  problem  was  opened  up  w'hen  it  w'as 
realized  that  substances  present  in  the  food  were  also  closely 
concerned  in  rnaintaining  the  normal  activities  of  the  body.  It  is 
difficult  to  believe,  now  that  several  dozen  vitamins  are  already 
known  that  it  is  less  than  40  years  ago  that  Hopkins  made  his 
original  investigations  on  the  effect  of  “accessory  food  factors” 
on  the  growth  of  rats.  What  makes  these  substances  all  the  more 
interesting  is  the  fact  that  some  of  them  can  be  produced  in  the 
body  of  some  animals,  and  that  there  is,  in  fact,  no  fundamental 
demarcation  between  vitamins  and  hormones. 
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Chemical  substances  too,  are  responsible  for  tlie  processes  of 
differentiation  of  organs  which  occur  during  development.  These 
substances  have  been  called  “organizers”  and  their  chemical  nature 
requires  much  further  investigation.  Again,  it  is  significant  that 
the  differentiation  of  certain  sex  organs  is  under  the  inlluence  of 
the  hormones  which  are  concerned  in  the  control  of  sexual  activity 
in  the  adult,  so  that  the  difference  between  hormones  and  or¬ 
ganisers  is  by  no  means  sharp  and  clear  cut. 

The  processes  so  far  discussed  are  concerned  with  growth, 
differentiation  and  functional  activity  of  the  organism.  Recently, 
however,  it  has  been  shown  that  chemical  substances  not  only 
control  these  changes  in  the  growing  and  formed  organism,  but 
that  they  may  even  be  responsible  for  the  formation  of  new  types 
of  organisms.  Muller  first  showed  that  mutations,  which  are 
probably  responsible,  together  with  natural  selection,  for  the 
development  of  new  species,  can  be  elicited  by  the  action  of  X-rays 
and  other  forms  of  radiation.  There  has  indeed  been  speculation 
as  to  whether  radiant  energy  may  not  be  responsible  for  most  of 
the  mutations  which  have  occurred  in  the  course  of  evolution. 
But  in  1941  it  was  found  that  certain  chemical  substances  can 
produce  mutations,  and  mutagens,  as  these  substances  were 
called,  are  now  being  actively  investigated,  partly  in  the  hope  that 
specific  effects  may  be  discovered,  and  the  j^rocess  of  mutation 
thus  be  selectively  influenced. 

Lastly,  it  must  be  realized  that  chemical  sul)stanccs  ])roduced 
in  the  body  or  derived  from  external  sources  not  only  can  control 
and  co-ordinate  the  activity  of  the  cells  which  make  up  a  multi¬ 
cellular  organism,  but  that  they  can  also  create  a  certain  degree 
of  dissociation,  which  makes  part  of  the  organi^n  indei)cndent 
of  the  rest,  frecpiently  leading  to  its  death.  Such  effects  are 
produced  by  carcinogenic  substances  which  can  transform  normal 
into  malignant  cells.  The  carcinogens  can  certainly  be  introduced 
from  outside,  and  may  be  jiroduced  in  the  organism  as  a  result  of 
abnormal  metabolic  processes,  perhaps  involving  steroids.  It  is 
not  really  known  how  these  carcinogenic  substances  produce 
their  effect,  but  it  is  an  interesting  speculation  that  they  (Jo  so 
by  inducing  mutations  in  somatic  cells  which  then  acepure  a 
measure  of  independence  from  their  environment.  If  so.  ii'«tagens 
and  carcinogens  would  be  similar  substances  acting  at 
stages  of  the  life  cycle,  the  mutagens  affecting  the  sex  cells  and 
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carcinogens  acting  on  somatic  cells,  usually  of  the  fully  developed 
organism. 

The  substances  which  reach  the  circulating  fluids  and  affect 
the  aetivities  of  the  eell  can  be  described  under  the  following 
headings.  Some  of  the  definitions  have  been  taken  from  the 

discussion  by  Houssay  (1946)  : — 

(1)  Hormones,  whieh  are  specific  chemical  substances  produced 
by  an  organ  or  tissue  and  which,  after  being  discharged  into  the 
eirculating  fluids,  may  reach  all  parts  of  the  organism  and  in 
small  amounts  markedly  influence  the  functioning  of  other  organs 
or  systems  without  themselv'es  eontributing  important  quantities 
of  matter  or  energy. 

(2)  Chemical  mediators  of  nerve  action,  liberated  by  nerve 
endings  in  elose  vieinity  of  effcetor  organs  or  nerve  eells  and 
exerting  a  localized  aetion.  It  is  possible  that  similar  substances 
are  also  inv^olved  in  the  transmission  of  inq^ulses  in  the  central 
nervous  system. 

(3)  Vitamins,  which  arc  organic  chemical  regulators  contained 
in  the  food.  The  nutritiv^e  substances  in  the  food  are  of  course  also 
essential,  in  the  final  analysis,  for  the  activities  of  the  organism. 

(4)  Excretory  products  which  nevertheless  also  perform 
important  regulatory  functions,  e.g.  carbon  dioxide. 

(5)  Organisers  which  are  embryonic  substances  of  regional 
origin  and  govern  the  differentiation  of  a  determined  organ,  even 
if  transferred  to  another  zone  of  the  body,  or  cultivated  in  vitro. 

(6)  Carcinogens  eapable  of  ehanging  normal  cells  into  malignant 
ones. 

(7)  Mutagens,  whieh  aet  on  the  nucleus  and  change  its  in¬ 
heritable  material. 

(8)  Drugs  introduced  from  the  outside  which  produce  pharma- 
cologieal  effects  in  the  body. 

Modern  pharmacology  is  vitally  interested  in  the  mechanisms 
by  which  drugs,  defined  as  ehemical  agents  foreign  to  the  body, 
interact  with  systems  of  control  present  within  the  body.  It  is 
of  eourse  still  true  that  in  many  instanees,  e.g.  the  action  of  mor¬ 
phine,  the  meehanisms  by  whieh  drugs  produce  their  effeets  are 
unknown,  but  in  other  fields  some  progress  has  been  made.  For 
example,  the  pharmaeologieal  actions  of  anticholinesterase  drugs 
are  almost,  if  not  entirely,  due  to  their  power  of  inhibiting  the 
enzyme,  cholinesterase,  and  the  many  different  actions  of  vitamin 
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analogues  may  be  ascribed  to  their  antagonism  towards  the 
vitamins  with  which  they  are  chemically  related.  It  would  per¬ 
haps  appear  that  the  most  fruitful  field  of  the  future  will  be  a 
study  of  the  various  ways  in  which  drugs  can  modify  the  activi¬ 
ties  of  constituents  of  the  cell,  especially  cellular  enzymes,  and 
increasing  knowledge  of  these  and  other  types  of  interaction  may 
help  to  fulfil  the  hope  that  idtimately  the  effects  of  all  drugs  will 
be  expressed  in  such  terms,  thus  leading  not  only  to  their  more 
rational  use,  but  also  to  more  complete  control  of  bodily  pro¬ 
cesses  by  means  of  drugs. 
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comparison  with  pethidine,  245, 
247,  251,  256,  259,  264 
formula,  241 
in  animal  tests,  243 
metabolism  of,  262 
on  respiration,  259 
side  effects,  260 

Amidopyrine,  and  agranulocytosis, 
89 

and  “fixed  drug  eruption,”  90 
Amino  acid  antagonists,  333,  334 
Amino-an-fol,  218 
p-aminobenzoic  acid,  effect  on 
action  of  PAS,  169 
effect  on  action  of  thiosemicar- 
ba  zones,  172 

in  synthesis  of  folic  acid,  328,  329 
relation  to  sulphonamide  action, 
328,  329 

p-aminohippuric  acid,  340 
Aminopterin,  218 
p-aminosalicylic  acid  (PAS),  169- 
171 

clinical  use  of,  171 
combination  with  streptomycin, 
161,  170 

compound  with  streptomycin, 
161 

development  of  resistance  to,  171 
dosage,  171 

effect  of  carinamide  on  excretion, 
171 

metabolism  of,  170,  171 
value  in  experimental  infections, 
170 

Amoebiasis,  effect  of  aureomycin, 

178 

Anaemia,  iron  deficiency,  279,  283- 

285 

pernicious,  286-289,  293-297 
Anaesthetics,  mode  of  action,  325 
Analgesic  drugs,  238-268,  368,  372, 
374,  375 

Amidone  (Physeptone),  241-243, 
245,  247,  249,  251,  259-262, 
264 

chemical  structure,  239-242 
clinical  assessment,  248,  249 
evaluation  of  addiction  poten¬ 
tialities,  249-253 
intravenous  procaine,  247,  248, 
263,  264 


Analgesic  drugs,  methods  for  evalu¬ 
ating,  in  animals,  242-243 
in  man,  243-248 
ischaemic  pain,  246-248 
radiant  heat,  244-246 
metopon,  239,  240,  248,  262, 

263 

morphinans,  239 
morphine,  239,  240,  242-246, 
248,  251-253,  254-262,  264, 
399 

morphine  derivatives,  239,  240, 
242,  251,  253 

other  amidones,  241,  242,  261, 
262 

pethidine,  240,  243,  245,  247, 
251,  253-258,  259,  261,  262, 

264 

)3-pethidine,  240 

phenadoxone  (Heptalgin),  242, 
261,  262 

piperidine  derivatives,  240,  241 
Anaphylaxis,  antigen-antibody  re¬ 
action  in,  62 
heparin  liberation  in,  63 
histamine  liberation  in,  62,  63 
“intrinsic”  and  “extrinsic”  his¬ 
tamine  actions  in,  63 
“slow  reacting  substance”  in,  64 
species  variation  in  response,  62 
Androgen,  assay  of,  105,  106 
derivation  from  cholesterol,  102 
effect  on  acid  phosphatase  pro¬ 
duction,  220 

effect  on  cancer  of  the  breast,  221, 
222 

effect  on  cancer  of  the  prostate,  219 
relation  to  folic  acid,  333 
site  of  production  of,  104 
Androstane,  99 
Androsterone,  105 
Angina  pectoris,  treatment  with 
thiouracil,  131 

Antacids,  use  with  oral  penicillin, 
146 

“Antalgics,”  238 

Anthisan,  66  et  seq.  {see  mepyra- 
mine) 

Anthrax,  effect  of  aureomycin,  178 
Antibodies,  formation  of  in  body, 
359-361 

Anticholinesterase  drugs,  1-20 
chemical  formulae,  5,  6 

diisopropylfluorophosphonate 

(DFP),  5-20,  30 
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Anticholinesterase  drugs,  hexa- 
ctliyltetra|)liosj)l)ate  (HETP), 

5-7]  12,  18,  18 

neostifjniine  (prostifiniinc),  8,  5, 
G,  8-12,  15-18,  80 
phvsostigmine  (eserine),  8-5,  8,  9, 
i2,  14,  17,  80 

t  e  t  ra e  t  h  V 1  p  V  r  o  j)  li  o s  p  li  a  t  e 
(TE1*P),‘g,  8,  9,  12,  18,  17-20, 
80 

Anti-coagulant  drugs,  802-820, 892- 
895 

administration  and  dosajte,  81 G, 
817 

antagonists  to,  817,  818 
clinical  use  of,  818-819 
contraindications  to  use  of,  819 
dicournarol,  80(i-811,  815-819 
experimental  studies,  818 
general  uses  of,  812,  818 
hej)arin,  802-80G,  812-819 
in  coronary  thrombosis,  815, 
892-895 

in  decubitus  thrombosis,  818, 

814 

in  j)ost-opcrative  thrombosis, 

815 

in  treatment  of  thrombosis,  818 
sodium  salieylate  and  bypopro- 
tbroml)ina‘mia,  808 
toxic  actions  of,  818,  819,  895 
“Tromexan,”  810-812 
Antihistamine  drugs,  G0-8G,  .308, 
872 

absorption  and  excretion,  78,  74, 
80 

action  on  vomiting  centre,  79 
administration  and  dosage,  80 
against  “extrinsic”  histamine,  G3 
against  histamine  actions,  G8,  G9 
against  “intrinsic”  histamine,  G8 
antergan,  G5,  GG,  G8 
anthisan  (see  rnepyramine),  GG 
et  seq. 

anti-acetylcholine  action,  78 
anti-adrenaline  action,  78 
anti-allergic  actions,  72 
anti-anaphylactic  actions,  71,  72 
antistin,  G7,  G8,  70,  72,  75,  7G, 
79-88 

arteriolar  spasm  from,  70 
henadryl  (diphenhydramine),  GG, 
^  G8-7G,  79,  80,  82,  88 
N-{2-chlorethyl)-N-ethyl-l- 
na{)hthalenemethylamine,  G8 

PHAHMACOLOGY 


Antihistamine  drugs,  chlorothen,  68 
clinical  uses,  74-88 
comparative  potencies,  G8-70 
death  from  overdosage,  82 
dosage,  80 
“dramamine,”  79 
duration  of  action,  80,  81 
effect  on  activity  of  histaminase, 
88G 

for  histamine  identilication  in 
tissues,  ()9 
hetramine,  G8 
“histantin,”  88 
in  acute  nephritis,  78 
in  asthma,  7G,  77 
in  common  cold,  78 
in  dermographism,  75 
in  hay  fever,  7(» 
in  i^arkinsonism,  78,  79 
in  perennial  allergic  rhinitis,  7G 
in  seasickness,  79 
in  serum  sickness,  75,  7G 
in  skin  diseases  (other  than  urti¬ 
caria),  77,  78 
in  urticaria,  75,  70 
2  -  isopropyl  -  5  -  methylj)henoxy- 
cthyldiethylaminc  (929F),  G5, 
GG 

local  anaesthetic  actions,  72,  78 
mepvramine  (anthisan,  neoan- 
tergan),  GG,  G8-70,  72-7G,  78-82 
miscellaneous  uses,  78 
mode  of  action,  G5,  385,  836 
neoantergan  (see  me])yramine), 
GG  et  sell. 
neohetramine,  G8 
on  caj)illarv  permeability,  69,  70, 
71 

on  central  nervous  system,  73, 
78,  79 

on  gastric  secretion,  72 
on  hyaluronidase,  78 
phenergan  (see  promethazine), 
67  et  seq. 

l)iperidinomethyl  -  2  -  benzodi- 
oxane  (938F),  65 
promethazine  (fjhenergan,  3277 
R.P.),  G7-70,  72,  75,  80-83 
pyribenzamine  (tripelennamine), 
GG,  G8-78,  80-83 
cpiinidine-like  action,  73 
thephorin  (phenindaminc),  G7, 
68,  78,  82 

therapeutic  uses,  74-83 
toxic  effects,  81,  82 
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Antimalarial  drugs,  chlorooiiine, 
201-204 

formulae,  193,  194 
in  treatment  of  malaria,  204-207 
isopentaquine,  199 
mepaerine,  201-204 
methods  of  investigation,  192 
pamaquin,  199-201 
pentaquine,  199-201 
proguanil,  194-199 
quinine,  188,  193,  204-207 
resistanee  to,  195,  19(5 
Antimony,  reaction  with  HAL,  338 
Antithyroid  drugs,  126-131, 370, 372 
agranulocytosis  from,  89,  130 
clinical  use  of,  129-131 
discovery  of,  126,  127 
dosage,  129 

dosage  and  allergy  to,  94 
effects  in  animals,  127 
effects  on  the  thyroid,  127,  128, 
129 

mechanism  of  action,  127,  128 
metabolism  of,  128,  129 
sensitization  to,  87,  88,  89,  91,  92 
toxic  effects,  89,  91,  92,  130,  131 
value  of  different  compounds, 
130,  131 

Antrycide,  210-215 
clinical  use,  213-215 
estimation,  212 
formula,  211 
metabolism,  211,  212 
properties,  211 
resistance  to,  213 
toxicity,  213 

trypanocidal  properties,  212 
Apoferritin,  273,  274 
Application  of  statistical  methods, 
anticoagulants  in  coronary 
thrombosis,  392-395 
streptomycin  in  pulmonary 
tuberculosis,  389-392 
Arsenicals,  reaction  with  thiol  com¬ 
pounds,  336 

Arsphenamines,  agranulocytosis 
from,  89 

asthma  and  rhinitis  from,  89 
combination  with  plasma  proteins, 
96 

“fixed  drug  eruption”  from,  90 
hepatitis  from,  89 
specificity  of  sensitization  to,  93 
Ascorbic  acid,  with  deoxycortone  in 
arthritis,  115 


Ascorbic  acid,  with  other  steroids 
in  arthritis,  115 

Aspirin,  238,  243,  245,  257  {see 
acetylsalicylic  acid) 

Asthma,  76,  77,  89 
Aureomycin,  172,  176-178 
assay,  177 

clinical  use,  177,  178 
metabolism,  177,  178 
properties,  176 
range  of  actions,  176,  177 
toxicity,  177 

Auricular  fibrillation,  effect  of 
thiouracil  compounds  on,  129 
Autoradiograph,  355 

in  investigation  of  antibody  for¬ 
mation,  361 
of  thyroid  gland,  122 
use  in  thyroid  research,  122 
Azo-proteins,  in  skin  sensitization, 
95,  96 

BAL,  336-341  (see  dimercaprol) 

BAL  glycoside,  338,  339 
Barbiturates,  “fixed  drug  eruption” 
from,  90 

skin  eruptions  from,  89 
Bemidone,  240 
Benzoestrol,  119,  120 
Benzoic  acid,  and  metabolism  of 
tubercle  bacilli,  169 
Benzyl  thiouracil,  metabolism  of, 
128,  129 

Biguanide  structure,  in  antimalarial 
activity,  194  * 

Biological  Assay,  347-349 
Bismuth,  reaction  with  BAL,  338, 
340 

Botulinum  toxin,  on  neuromuscular 
transmission,  3 

Brain  tumours,  localization  of,  364, 
365 

Bromides,  erythema  nodosum  from, 
89 

Brucellosis,  treatment  with  aureo¬ 
mycin,  177 

C,o,  32  et  seq.  (see  decamethonium 
iodide) 

Cadmium,  reaction  with  BAL,  338, 
340 

Calciferol,  in  lupus  vulgaris,  162 
Cancer  of  the  breast,  treatment  of, 
221,  222 
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Cancer  of  the  Inns,  treatTiient  of,  224 
of  tlie  prostate,  aeid  pliospliatase 
in  diagnosis,  220 
j)olarograplne  inetliod  in  diag¬ 
nosis,  220 

treatment  of,  218-221 
Carbohydrate  nietal)olisni,  effect  of 
cortisone  on,  1 12 
relation  to  adrenal  cortex,  107 
Carbon  14,  in  study  of  adrenaline 
synthesis,  Ho!) 

in  study  of  cholesterol  synthesis, 
102  ' 

Carcinogenic  substances,  produc¬ 
tion  of  mutations  by,  28.>,  280 
Carinamide  (Caronamide),  effect  on 
excretion  of  I’AS,  171 
mode  of  action,  840 
use  with  penicillin,  14.>,  147 
Castration,  effect  on  cancer  of  the 
prostate,  218 

Cell,  mechanism  of  drug  j)enctration 
into,  328 

membrane,  properties  of,  828,  824 
nucleus,  effect  of  chemical  sub¬ 
stances  on,  217,  .821 
Cetrimide,  skin  sensitization  to, 
91 

Chemical  transmission,  1-5 

at  neuromuscular  junction,  2-5 
in  autonomic  nervous  system,  1 
Chi  squared  test,  .887,  888,  894 
Chloramphenicol,  172-170 
assay,  174 

clinical  use,  175,  170 
discovery,  178 
formula,  173 
metabolism,  174 
range  of  activity,  174 
toxicity,  174,  170 

^-chloroethylamines,  222-225  {see 
nitrogen  mustards) 
Chloromycetin,  172-170  {see 
chloramphenicol) 

Chloroquine,  201-204 
actions,  201,  202 
dosage,  204 
formula,  194 
metabolism,  208,  204 
toxicity,  204 

Cholesterol,  as  source  of  steroid 
hormones,  102 
formula,  100 
presence  in  ovary,  102 
synthesis  of  in  body,  102 


Cholinesterase,  action  of,  2 

cytochemical  <iemonst  ration  of, 
‘  347 

inhibition  of,  5-9 

inhibition  and  pharmacological 
action,  8 

in  skeletal  muscle,  2 
kinetics  of  inhibition,  8,  9 
substrates  for,  7 
types  of,  7 

d-Chondrocurarine  Cl,  25 
Chromium,  reaction  with  BAL,  .838 
Chromosomes,  effects  of  radiations 
on,  357 

Cinchophen,  and  hepatitis,  89 
Cobalt,  and  erythropoiesis,  292 
Codeine,  251,  257 

Collagen  tissues,  relation  to  corti¬ 
sone,  111 

Colloidal  ferric  hydroxide  (intra¬ 
venous),  281 

ferrous  iron  (intravenous),  281 
Compound  E,  109-112  {see  cortisone) 
Congestive  heart  failure,  treat¬ 
ment  with  thiouracil,  131 
Contact  dermatitis,  transfer  of  skirr 
sensitivity,  97 
Conteben,  172 

Coronary  thrombosis,  treatment 
of,  815,  392-395 
Corticosterone,  101 
Corticotrophic  hormone,  cortico- 
trophin,  112-114  {see  adrenocorti- 
cotrophic  hormone) 

Cortisone,  109-112 
dosage,  110,  112 
formula,  109 
in  Addison’s  disease,  112 
in  rheumatic  fever.  111,  112 
in  rheumatoid  arthritis,  110,  111 
mode  of  administration,  110 
toxic  effects.  111 

Cozymase,  in  steroid  metabolism, 
103 

Cretinism,  treatment  with  iodinated 
proteins,  125 
Curare,  23-46 

antagonized  by  acetylcholine,  30 
DFP,  30 
guanidine,  31 
neostigmine,  29,  30 
physostigrnine,  27,  30 
potassium,  31 
clinical  uses,  41-46 
histamine  liberation  by,  38,  39 
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CiUrare,  in  (‘oiivulsive  sliock  tlicrunv 
42,  4,*}  '  ‘  ’ 

in  spastic  disorders,  42 
in  siirtrical  aiucsthesia,  48,  44 
in  tetanus,  42 
methods  of  assay,  25,  2(5 
mode  of  action, '2(i-,3() 
natural  sources,  2.‘5 
on  acetylcholine  release,  4,  2() 
on  central  nervous  system,  :i7,  88 
on  decerebrate  rifjidiK',  41 
on  end-])late  potential,  27 
on  sanjjlionic  transmission,  2(} 
on  neuromuscular  transmission,  4, 
2(5-30 

Curare  alkaloids,  25 
Curariform  drugs,  3(58 
1-Curarine  dimethiodide,  25 
Cushing-like  syndrome,  relation 
to  cortisone,  1 1 1 

Cytochemical  method,  in  assay  of 
substances,  347 


DBE,  119,  120 

Decamethonium  iodide  51-- 

34,  3(5,  37,  45,  4(5 
actions  in  normal  man,  3(5,  37 
and  placental  harrier,  41 
antafionisrn  by  j)cntamethonium 
iodide,  34,  3(5 

anticholinesterase  action,  34 
differences  from  tuhocurarine,  34 
for  Ca'sarean  section,  4(5 
formula,  32 
ffcneral  actions,  33,  34 
in  convulsive  shock  therapy,  4(5 
in  surgical  aiucsthesia,  45,  4(5 
on  neuromuscular  transmission, 
33 

Dehydroandrosterone,  105 

1 1-dehydrocorticosterone,  101 

Deoxycortone,  deoxycorticosterone, 
actions  of,  102 
assay  of,  304 
formula,  100 

with  ascorbic  acid  in  experi¬ 
mental  arthritis,  11(5 
with  ascorbic  acid  in  rheumatoid 
arthritis,  115 

Desoxycholic  acid,  as  source  of 
cortisone,  109 

Detoxication  of  drugs,  32(5 

Deuterium,  in  investigation  ol 
cholesterol  metabolism,  102 


DFP,  5  et  .sri/.  (see  diisopropvl- 
lluorophosphonate) 

Diamine  oxidase,  33(5 
Diaminodiphenylsulphone,  1(57 

1(59 


2,  6-Diaminopurine,  333 
Diamorphine,  242,  253 
Diasone,  1(57,  1(58 
Dicoumarol,  .30(5-311,  315-319, 
administration  and  dosaec, 
317 


393 

308, 


and  prothrombin  estimation,  309- 
311,  317,  393,  395 
antagonized  hv  blood  transfusion, 
318 


antagonized  by  vitamin  K,  .30(5, 
.307,318 

bleeding  due  to,  308,  318,  319 
clinical  uses,  315-319 
contraindications  to  use,  319 
duration  of  action,  308,  309 
factors  intluencing  action  of,  fever, 
308 

liver  and  kidney  damage, 
308 

fate,  310 
formida,  30(5 

in  coronarv  thrombosis,  315,  .317, 
393 

in  post-operative  thrombosis,  315- 
317 

in  spoiled  sweet  clover  bay,  .30(5 
mode  of  action,  307,  308,  .335 
jiroduction  of  hvpoprothromhina;- 
mia,  30(5,  .307,' 309-31 1 ,  310,  317, 
393,  .395 

toxic  effects,  .318,  319,  395 
Di-epoxides,  mutagenic  cITecl  of, 
235 

Digitalis,  .3(58,  .3(59,  .372,  .374 
thcrajieutic  ratio  of,  370 
Digitoxin,  labelled  with  radio  car¬ 
bon,  .3(50 

Dihydrostreptomycin,  150,  151, 

158 

Diisopropylf  luorophosphonate 

(DFP),  5-1.3,  15-20 
anti-cholinesterasc  actions,  8,  9 
anti-curarc  action,  30 
formula,  (5 
in  glaucoma,  20 
in  myasthenia  gravis,  1(5-18 
on  abdominal  distention,  19,  20 
on  central  nervous  system,  12 
on  cholinesterase,  8,  9 
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Diisopropylfluorophosphonate 

(l)Fl*),  on  elect roenceplialo^rtim, 
1‘2 

on  eye,  20 

on  human  elect romyoirram,  1 1 
in  myasthenia  {travis,  10,  17 
on  neuromuscular  transmission, 
10-12,  30 

pharmacological  actions,  9,  10 
Dilaudicl,  239,  240,  251 
Dimercaprol,  330-341 
clinical  use,  339,  340 
effect  on  excretion  of  arsenic,  338 
reaction  with  arsenicals,  337,  338 
reaction  with  other  metals,  338 
2:3  dimercaptopropanol,  337  {see 
dimercaprol) 

Dimethyl  ether  of  d-tubocurarine, 
25 

in  surgical  ana'sthesia,  45 
Dimidium  bromide,  210 

in  treatment  of  trypanosomiasis, 
214 

2:4  Dinitrochlorobenzene,  as  hap¬ 
ten,  90 

in  experimental  skin  sensitiza¬ 
tion,  90 

variations  in  sensitization  to,  93 
Diodone,  340 

Dithiol  compounds,  337,  338 
Doisynolic  acid,  119,  120 
Drug  allergy,  87-97  {see  sensitization 
to  drugs) 
fever,  88,  91,  92 
hypersensitivity,  87 
idiosyncrasy,  87 

Egg  production,  effect  of  iodinated 
jiroteins  on,  120 

Electrolyte  metabolism,  effect  of 
cortisone  on,  112 
relation  to  adrenal  cortex,  107 
Electron  microscope,  in  study  of 
penicillin  action,  148 
Electroscope,  in  detection  of 
ionization,  354 

Enzymes,  and  drug  detoxication, 
320 

effects  of  nitrogen  mustards  on,  223 
effects  of  radiation  on,  350 
l)roperties  of,  210,  324-327 
relation  to  essential  metabolites, 
329 

relation  to  vitamins,  325,  320 
role  in  drug  action,  324 


Ephedrine,  with  penicillin  ])repara- 
tions,  144 

Epidemic  typhus,  use  of  chloram¬ 
phenicol  in,  170 

Erythrina  alkaloids,  25,  35,  30,  42 
Erythroidine,  25 
actions  of,  35,  30 
in  sj)astic  disorders,  42 
Eserine,  3  et  sec/,  {see  pliysostigmine) 
Essential  metabolites,  nature  of, 
328,  329 

Esters  of  penicillin,  145 
Ethinyl  oestradiol,  119-121 
clinical  use  of,  120,  121 
Ethisterone,  101 

progestational  action  of,  107 
;>-ethylsulphonyl  benzaldehyde 
thiosemicarbazone,  172 
Evaluation  of  drugs  in  man,  308- 
390 

comparison  with  |>revious 
therapy,  373 

drugs  on  natural  course  of 
disease,  309-371 

exclusion  of  com|)licating  factors, 
375,  37(i 

methods  of  assessment  of  drug 
action,  371 

j)atients  as  their  own  controls, 
372,  373 

psychological  factors,  374,  375 
simultaneous  controls,  373,  374 
statistical  methods,  370-395 
studies  on  selected  cases,  371 , 372 
therapeutic  trials,  308  et  sec/. 
Exfoliative  dermatitis,  treatment 
witli  HAL,  340 

Ferric  chloride,  279 
Ferritin,  272-274,  277 
Ferrivenin,  283,  285 
Ferrous  adenylate  (intravenous), 
281 

Ferrous  ascorbate  (intravenous), 
281 

Ferrous  carbonate,  279 
Ferrous  chloride,  279 
Ferrous  sulphate,  279 
Flaxedil  (H.F.  3097)  actions  in  nor¬ 
mal  man,  37 
actions  of,  32 

antagonism  by  anticholinester¬ 
ases,  32,  37 
formula,  32 

in  surgical  ana;sthesia,  37 
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Fluorescence,  in  estimation  of 
drugs,  345 

Folic  acid,  285-291  (see  pterovl- 
glutamic  acid) 

Formaldehyde,  mutagenic  effect  of, 
235 

production  of  experimental  arth¬ 
ritis  with,  115,  11(5 
treatment  of,  11(5 
specificity  of  dermatitis  from,  93 

Ganglionic  blocking  agents,  dihu- 
toline,  52 

2  :  (5  dimethyldiethylpiperidi- 
nium  bromide,  52 
lauryldimethylaeetoxy  com¬ 
pounds,  52 

pentamethonium  iodicie,  33 
tetraethylammonium  salts,  51- 
55 

6<i‘-triethylammonium  salts,  52 
Geiger-Miiller  counter,  354 
Glutamic  acid,  relation  to  penicillin 
action,  148 
“Glyketal,”  50,  51 
Goitrogenic  substances,  120  (see 
also  antithyroid  substances) 

Gold  poisoning,  treatment  with 
BAL,  338,  340 

Gold  salts,  and  agranulocytosis,  89 
Gonorrhoea,  prophylaxis  with  iieni- 
cillin,  147 

treatment  with  penicillin,  140,  145, 
140 

treatment  with  streptomycin,  140, 
103 

Gout,  treatment  with  cortisone.  111 
Guanozolo,  and  tumour  growth,  334, 
335 

Hapten  as  part  of  active  j)rotcins, 
324 

in  drug  sensitization,  95,  9(5 
Heparin,  302-30(5  et  seq. 

administration  and  dosage,  304, 
316,  317 

and  experimental  thrombosis,  313 
antagonized  by  protamine  sul¬ 
phate,  304,  317 
chemical  composition,  302 
clinical  uses,  313-319 
distribution  and  fate,  305,  30(5 
duration  of  action,  304,  305 
general  uses,  312,  313 
in  coronary  thrombosis,  315,  393 


Heparin,  in  decubitus  thrombosis 
313,  314 

in  i)Ost-operative  thrombosis,  315 
international  standard  and  unit 
303 

mode  of  action,  303,  304 
source  and  i)reparation,  303 
toxic  effects,  318,  319 
variations  in  sensitivity  to,  30(5 
Hepatitis,  drugs  and,  89 
Heptalgin,  242,  2(51,  262  (see  phena- 
doxone) 

HETP,  5  et  seq.  (see  hexacthyltetra- 
phosphate) 

Hexaethyltetraphosphate  (IIKTP), 

5-7,  12,  13,  18 

anti-cholinesterase  action,  13 
as  insecticide,  12 
in  myasthenia  gravis,  18 
pharmacological  actions,  13 
Histaminase,  effect  of  anti-hista- 
mine  drugs  on,  33(5 
Histamine,  (50-65 
and  itching,  (51 
distribution  in  tissues,  61 
in  anaphylaxis  and  allergy,  61-65 
in  asthmatic  subjects,  (54,  (55 
in  human  allergy,  64,  65 
in  nettle  stings,  (51 
“intrinsic”  and  “extrinsic”  hista¬ 
mine,  (53,  7(5,  77 
on  blood  i)ressurc,  (50 
on  blood  vessels,  (50 
on  capillary  permeability,  (51 
on  IICI  secretion  by  stomach,  (51 
on  pej)sin  secretion  by  stomach,  61 
on  peripheral  blood  supply,  3(53 
on  secretions,  (51 
on  smooth  muscle,  60 
release  from  tissues,  (51 
“triple  response”  in  skin,  (50 
Hodgkin’s  disease,  treatment  with 
nitrogen  mustard,  224,  225 
Hydrogen  transfer,  relation  to  peni¬ 
cillin  action,  149 

17  -  hydroxy  -  11  -  dehydrocorti¬ 
costerone,  109  (sec  cortisone) 

3  -  hydroxy  -  N  -  methylmorphi- 
nan, 239 

Hyoscine,  against  seasickness,  79 
Hypertension,  use  of  TEA  in,  54 
Hyperthyroidism,  treatment  with 
radio  iodine,  132,  133 
treatment  with  thiouracil  com¬ 
pounds,  129-131 
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Hypophysectomy,  effect  on  thyroid, 
123 

Infantile  gastro- enteritis,  treat¬ 
ment  with  cldoramphenicol,  176 
treatment  with  streptomycin,  163 
Iodides,  drug  fever  from,  91 
lodinated  proteins,  125,  126 
Iodine,  effect  on  thyroid  activity,  129 
effect  on  thyroxine  synthesis,  123 
in  treatment  of  iiyperthyroidism, 
130 

metabolism  of,  122 
radioactive  iodine,  131-134  {see 
also  radio-iodine) 

uptake  by  thyroid,  122,  123,  127 
5-iodo-thiouracil,  130 
Ionization  (of  atoms),  354 
in  detection  of  radiations,  354 
Iron,  269-285 

absorption,  269-274 

controlling  mechanisms,  272 
factors  influencing,  270-272 
ferritin  and,  272-274 
HCl  and,  270 

in  chronic  hsemorrhagic  ana;mia, 
270-272,  274 

in  stomach  and  small  intestine, 

270 

of  ferrous  and  ferric  salts,  270, 

271 

of  radioactive  iron,  270-272 
availability  for  haemoglobin  for¬ 
mation,  278 

combination  with  jSj  globulin,  275, 
281 

distribution  and  storage,  276-278 
excretion,  269,  278,  279 
in  bile,  278 

in  menstrual  blood,  278 
in  sweat,  279 
in  urine,  269,  278 
infeetion  and  metabolism  of,  280 
intravenous,  281-285 
ferrivenin,  283,  285 
preparations,  281,  282 
saccharated  iron  oxide,  281-285 
utilization  of,  276,  281,  283,  284 
iron-binding  capacity  of  serum, 
275,  280,  281 

metabolism  in  haemochromatosis, 
277,  278 

radioactive,  270-272,  274-277,  280 

reserves,  276,  279 

serum  levels  of,  270,  274,  275,  280 
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Iron,  storage  as  ferritin,  277 
storage  as  haemosiderin,  277 
transport  in  serum,  274,  275 
utilization,  after  chronic  haemor¬ 
rhage,  270-272 

of  therapeutic  preparations,  279 
Iron  and  ammonium  citrate,  279 
Isopentaquine,  199 
Isotopes,  349-353 

Ketobemidone,  240,  241 
17-Ketosteroids,  assay  of,  105 
Kober  method,  105 

Lactation,  effect  of  iodinated  pro¬ 
teins  on,  125 

effect  of  thyroxine  on,  126 
inhibition  with  ethinyl  oestradiol, 
121 

Lactose,  in  dummy  tablets,  375 
Lead  poisoning,  treatment  with 
BAL,  338,  340 

Leprosy,  treatment  with  sulphones,  • 
169 

Leukaemia,  distribution  of  radio 
phosphorus,  228 
effect  of  folic  acid,  218 
treatment  with  nitrogen  mustard, 
224 

treatment  with  radio  phosphorus, 
228,  229 

treatment  with  urethane,  226 
Lewisite,  reaction  with  BAL,  338 
Liver,  extract  of,  287-291,  294,  295, 
297,  368,  369,  372 
folic  acid  content  of,  288 
function  in  steroid  metabolism, 
103,  104 

vitamin  Bjj  content  of,  293 
Lupulon,  167 

Lupus,  treatment  with  streptomycin, 
162 

treatment  with  thiosemicarbazone, 
172 

Malaria,  experimental  infection, 
190,  191 

experimental  investigations,  195 
methods  in  drug  investigation,  192 
treatment  of,  204-207 
Malarial  parasite,  exo-erythrocytic 
forms,  190,  191,  192 
life  cycle,  188-191 
metabolism  of,  187,  188 
resistance  to  antimalarial  drugs, 
195,  196 
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Mandelamine, 

Mass  spectrograph,  350 
Meningeal  tuberculosis,  treatment 
with  streptomycin,  150 
value  of  PAS,  171 

Menopause,  treatment  with  ethinyl 
oestradiol,  121 
Mepacrine,  201-204 
actions,  201,  202 
drug  fever  from,  80 
formula,  103 
metabolism,  202,  203 
mode  of  action,  188 
toxicity,  01,  204 
Mephenesin  (.Myanesin),  40-51 
analgesic  action,  40 
and  haunolysis,  48 
anticonvulsant  action,  47 
fate  and  excretion,  50 
formula,  40 

in  hyperkinetic  states,  40 
in  psychoses,  50 

in  relation  to  venous  thrombosis, 
48 

in  spastic  disorders,  40 
in  surgical  anscsthesia,  48 
in  tetanus,  40 
“lissive”  action,  47 
local  aniesthetic  action,  47 
on  central  nervous  system,  4(i,  47 
related  compounds,  50 
solubility,  48 

Mephenesin  acid  succinate,  50 
Mepyramine,  compared  with  pro¬ 
methazine,  372,  373 
Mercury  poisoning,  treatment  with 
PAL,  338,  340 

Metals,  r61e  in  enzyme  action,  325 
Methapyrilene  (Thenylene),  death 
from  overdosage,  82 
Methenamine  mandelate  (mande¬ 
lamine),  103 

Methyl- W.s- (  -chlorethyl)  amine 
hydrochloride,  224 
Methyl  folic  acid,  333 
Methyl  iodide,  and  HAL,  330 
d-N-methylisochondrodendrine, 
25 

N-methylmorphinan,  230 
Methyl  naphthoquinone,  and  HAL, 
330 

N-methyloxyacanthine,  25 
Methyl  thiouracil,  clinical  use  of, 
120-131 

metabolism  of,  128 


Metopon,  addictiv-e  properties,  262 
analgesic  potency,  248 
clinical  use,  202,' 203 
formula,  230 

Miliary  tuberculosis,  treatment 
with  streptomycin,  150,  100 
value  of  PAS  in,"  171 
Mitosis,  elleet  of  mutagenic  sub¬ 
stances  on,  234 

effects  of  nitrogen  mustards  on,  223 
Monoacetylmorphine,  253 
Morphinans,  230 
Morphine,  addiction  to,  251-253 
analgesic  action,  in  animals,  242, 
243 

in  man,  244-248 

comparison  with  amidone,  245, 
247,  251,  250,  250,  200,  204 
comj)arison  with  metopon,  248,  202 
comparison  with  pethidine,  243, 
245,  247,  251,  254-258,  264 
disadvantages  of,  204 
formula,  230 

Morphine  derivatives,  230,  240, 
242,  251,  253 

Multiple  myeloma,  treatment  with 
urethane,  220 

Mustard  gas,  effects  of,  222,  223, 
234 

Mustard  oil,  mutagenic  effect  of,  235 
Mutagenic  substances,  233-230 
formula',  234 
mode  of  action,  230 
Mutation,  233 

production  of  bv  radiation,  233, 
357 

relation  to  cancer,  235,  230 
Myanesin,  40-51  (see  mephenesin) 
Myasthenia  gravis,  13-10 
Myxeedema,  treatment  with  iodi- 
nated  proteins,  125 

Neomycin,  151 

Neostigmine  (Prostigmine),  anta¬ 
gonism  to  DFP,  0,  17 
anti-cholinesterase  action,  3,  8,  0 
anti-eurare  action,  30,  44 
as  central  nervous  dej)ressant,  12, 
51 

formula,  0 

in  myasthenia  gravis,  15,  16 
intra-arterial  injection  in  man,  11, 
10 

on  human  electromyogram,  11,  15, 
10 
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Neostigmine  (l’rosti<jniine),  on 
neuroinuscuhir  transmission,  51,  4 
on  skeletal  musele,  5),  18 
Neuromuscular  transmission,  51-5 
(see  also  Chapter  1  on  anti¬ 
cholinesterase  drugs,  p.  1-20, 
and  Chapter  2  on  curare,  j). 
251-40) 

actions  of  drugs  on,  51-5 
Nickel,  reaction  with  HAL,  51518 
Nicotinamide,  relation  to  pyridine 
sulphonamide,  5129,  51510 
Nicotine,  labelled  with  radio  carbon, 
51(il 

Nicotinic  acid,  relation  to  pyridine 
sulphonie  acid,  5129,  51510 
Nitrogen  mustards,  222-225 
clinical  use  of,  224,  225 
fonnuhe,  2514 

general  effects  of,  222-224 
mode  of  action,  2251 
toxic  effects,  225 

p-nitrosodimethylaniline,  skin 
sensitization  to,  951 
Nucleic  acid,  estimation  in  cell,  5145, 
5140 

reaction  with  mustard  gas,  2510 
relation  to  penicillin  action,  149 
relation  to  streptomycin  action, 
1  (>5 

Nucleus  (of  atom),  constitution, 
5149,  5150 

Nucleus  (of  cell),  effects  of  muta¬ 
genic  substances  on,  2514,  2510 
effects  of  radiation  on,  5150,  5157 
u])take  of  radio  phosphorus,  300 

(Estradiol,  formula,  100 
(Estrane,  99 

(Estrogen,  assay  of,  105,  100 
derivation  from  cholesterol,  102 
effect  on  cancer  of  the  breast.  221 
222  ’ 

effect  on  cancer  of  the  prostate 
219-221 

eftect  on  malignant  tissue,  219,  221 
relation  to  2,  0-diaminopurine,'  51.351 
relation  to  folic  acid,  515151 
site  of  production,  104 
synthetic,  119,  120 
toxic  effects,  220 
(Estrone,  synthesis  of,  101 
Onium  compounds,  251 
Organisers,  398,  5199 


Ovariectomy,  effect  on  cancer  of  the 
breast,  221 

Overdosage  of  drugs,  87 

Paludrine,  194-199  (see  Proguanil) 
Pamaquin,  199-201 
actions,  200 
formula,  1951 

in  treatment  of  malaria,  204-207 
metabolism,  199,  200 
mode  of  action,  188 
toxicity,  200,  201 

Pantothenic  acid,  effect  on  action  of 
PAS,  109 

relation  to  pantoyltaurine,  331 
Pantoyltaurine,  relation  to  panto¬ 
thenic  acid,  5131 

Penicillin,  1517-149,  5109,  5174,  5175 
absorption  from  intestine,  140 
action  on  retina,  141 
activity  in  experimental  infections, 
1519 

activity  in  vitro,  1519 
adsorption  by  bacteria,  148 
asthma  and  rhinitis  from,  89 
biosynthetic  forms,  1518 
blood  levels,  140-142,  1451,  144  * 
chemistry,  137,  1518 
combination  with  proteins,  90,  142 
combination  with  vasoconstrictor, 
144 

contact  dermatitis  from,  90 

different  forms,  1517,  1518 

dosage,  140,  141,  1451 

drug  fever  from,  91 

drug  rashes  from,  89 

duration  of  sensitization  to,  94 

effect  on  glutamic  acid  absorption, 

148 

effect  on  hydrogen  transfer,  149 
effect  on  nucleic  acid  metabolism. 

149 

esters  of,  145 

excretion  in  urine,  139,  140 
formula,  138 

in  subacute  bacterial  endocarditis 
140,  5109 

intrathecal  administration,  141 
labelled  with  radio  suh)hur,  139 
148  »  .  , 

margin  of  safety,  5171 
metabolism  of,  139,  140 
mode  of  action,  148,  149 
oral  administration,  140,  147 
procaine  penicillin,  141,  143 
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Penicillin,  prolongation  of  action, 
142-14G 

sensitization  to,  87 
synthesis,  137 
toxicity,  140,  141 
unit  of,  137 

use  with  carinamide,  145,  14f>,  147 
urticaria  and  angioneurotic  a*dema 
from,  89 

Penicillium  notatum,  137 
mutation  in,  235 

Pentamethonium  iodide,  antago¬ 
nism  to  decamethonium  iodide 
30,  37 
formula,  32 
in  hypertension,  55 
in  normal  man,  37,  55 
on  ganglionic  transmission,  33 
Pentaquine,  199-201 
actions,  200 
dosage,  201 
formula,  193 

in  treatment  of  malaria,  204-207 
metabolism,  199,  200 
toxicity,  200,  201 

Peripheral  vascular  disease,  in¬ 
vestigation  with  radio 
sodium,  302,  303 
•  use  of  TEA  in,  54 
Pethidine,  actions  of,  253-258 
administration  and  dosage,  257 
and  addiction,  255-257 
atropine-like  actions,  253 
clinical  uses,  257 

comparison  with  amidone,  245, 
247,  251,  250,  259,  204 
comparison  with  morphine,  243, 
245,  247,  251,  254-258,  204 
formida,  240 

in  animal  analgesic  tests,  243 
in  labour,  258 
metabolism  of,  254,  255 
on  respiration,  253,  258 
side-effects,  257 
/3-pethidine,  240 

Phenadoxone  (Heptalgin),  242,  201, 
202 

Phenazone,  90 

Phenergan,  07  et  seq.  {see  prome¬ 
thazine) 

Phenol,  and  mutations,  235 
Phenolphthalein,  90 
»-phenylenediamine,  90 
Phenylethylhydantoin  (Nirvanol), 
drug  fever  from,  91 


Phenylethylhydantoin  (Nirvanol), 
sensitization  to,  88 

Phenylpropionoxypiperidine 

derivatives,  241 
Phosphatase  (acid),  220 
Phosphokinase,  relation  to  vesicant 
action,  224 

Phosphorus,  227-230  {see  radio 
phosphorus) 

Phthalyl-hydrazine  derivatives, 
107 

Physeptone,  Chapter  12  {see 
amidone) 

Physostigmine  (Eserine),  antago¬ 
nism  to  DFP,  9,  17 
anticurare  action,  30 
central  nervous  stimulation,  12 
formula,  5 

inhibition  of  cholinesterase,  8 
in  myasthenia  gravis,  14 
mode  of  action,  3-5 
on  neuromuscular  transmission,  3 
Picryl  chloride,  90 
Piperidyl  /wamidone,  242,  202 
Placenta,  study  of  activity  by  cyto- 
chemical  method,  347 
Plague,  treatment  with  streptomy¬ 
cin,  103 

Pneumonia,  treatment  with  oral 
penicillin,  140 
Polarogram,  220 
Polarographic  method,  340 
in  assay  of  androgens,  105 
in  diagnosis  of  cancer,  220 
Polycythaemia  vera,  treatment  with 
radiophosphorus,  228 
Porphyrin  metabolism,  relation  to 
proguanil  action,  198 
Potassium  iodide,  combination 
with  streptomycin,  150 
Pregnane,  99,  100 
o//o-pregnane,  99,  100 
Pregnanediol,  derivation  from  pro¬ 
gesterone,  103 
estimation  of,  100 
production  of,  104 

Pregnenolone,  progestational  action 

Primary  atypical  non- bacterial 
pneumonia,  treatment  with 
aureomycin,  178 
Procaine,  dermatitis  from,  92 

intravenous,  anti-allergic  actions, 
204 

clinical  uses,  203,  204 
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Procaine,  intravenous,  in  vascular 
diseases, 

quinidine-like  action,  203 
side-effects,  203 
site  of  analgesic  action,  247 
on  neuromuscular  transmission,  3 
Procaine  penicillin,  141,  143 
Progesterone,  assay  of,  107 
derivation  from  cholesterol,  102 
formida,  100 
metabolism,  103 
Proguanil  (Paludrinc),  194-199 
actions,  195 
discovery,  194 

effect  on  gastric  secretion,  198 
formula,  194 

in  treatment  of  malaria,  204-207 
metabolism,  19G,  197 
mode  of  action,  198,  199 
resistance  to,  195,  190 
toxicity,  198 

Promethazine,  compared  with 
mepyramine,  372,  373 
Promin,  107 
Promizole,  107,  108 
Propyl  thiouracil,  clinical  use  of,  131 
metabolism  of,  128,  129 
Prostate,  cancer  of,  218-221 
acid  phosphatase  production,  220 
Prosthetic  group  of  active  proteins, 
324 

Prostigmine,  3  ct  seq.  {see  neostig¬ 
mine) 

Protamine  sulphate,  304,  317 
Protein  metabolism,  relation  to 
adrenal  cortex,  107 
Proteins,  iodinated,  125,  120 
Pteroylglutamic  acid  (Folic  acid), 
285-291 

actions  in  animals,  280 
and  p-aminobcnzoic  acid,  328, 
329 

and  tumour  growth,  334 
antagonists,  218,  332-334 
as  bacterial  growth  factor,  280 
blood  diseases  unresponsive  to, 
290 

conjugates  of,  280,  288,  289 
effect  on  malignant  tissue,  218 
food  sources  of,  285 
formula,  285 

in  liver-refractory  macrocytic 
anaemia,  290 

in  nutritional  macrocytic  anae¬ 
mia,  290 


Pteroylglutamic  acid  (Folic  acid), 
in  pernicious  anaemia,  280- 
289 

and  neurological  complica¬ 
tions,  288 

comparison  with  thymine, 
291 

comparison  with  vitamin 
Pi2,  291 

conjugates  of,  288,  289 

dosage,  280 

haematological  response, 
280-289 

relation  to  vitamin  15,2,  290 

symptomatic  improvement, 
287 

in  sprue,  290 

relation  to  action  of  steroids,  333 

Pulmonary  resection,  use  of 
streptomycin  in,  102 

Pulmonary  tuberculosis,  treat¬ 
ment  with  PAS,  171 
treatment  with  streptomvein, 
100-102 

treatment  with  thiosemicarba- 
zone,  172 

Purine  antagonists,  and  tumour 
growth,  334,  335 

Pyridine  sulphonamide,  relation  to 
nicotinamide,  329,  330 

Pyridine  sulphonic  acid,  relation  to 
nicotinic  acid,  329,  330 

Pyrithiamine,  relation  to  vitamin 
Bj,  330,  331 

Pyruvate  oxidase  system,  330 

Quaternary  ammonium  com¬ 
pounds,  24 

Quinine,  action  in  malaria,  188 
asthma  and  rhinitis  from,  89 
curariform  action  of,  24 
drug  rashes  from,  89 
effect  on  toxicity  of  pamaquin  and 
pentaquine,  201 
formula,  193 

in  treatment  of  malaria,  204-207 
mode  of  action,  188 
sijccificity  of  allergy  to,  92,  93 

Quinine  methochloride,  curariform 
action  of,  24,  35,  36 
in  spastic  disorders,  42 

Radiation,  biological  effects  of,  355- 
357 
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Radiation,  detection  of,  354,  355 
effects  in  nuin,  357,  358 
effects  on  cell  nucleus,  356,  357 
effects  on  enzymes,  356 
effects  on  larjjc  protein  molecules, 
356 

hazards,  355-358 
mutagenic  effect  of,  ‘233 
types  of,  351 

Radioactive  isotopes,  351-353 
uses  of,  358-366 

Radioautograph,  355  (.see  Auto¬ 
rad  iograj)!!) 

Radio  carbon,  incorporated  in  cligi- 
toxin  and  nicotine,  360,  361 
ill  study  of  adrenaline  svnthesis, 
358,  359 

Radio  iodine,  131-134 

clearance  by  thyroid,  13‘2 
in  evaluation  of  antithyroid 
drugs,  1‘27 

in  investigation  of  thyroid  func¬ 
tion,  1 ‘2-2- 1*25,  1‘27,  131 
in  localization  of  brain  tumours, 
365 

metabolism  of,  131,  13*2 
therapeutic  use  of,  13‘2-134 
Radio  phosphorus,  ‘2‘27-‘230 
clinical  use,  ‘2‘28-‘230 
in  investigation  of  antibody 
formation,  359-361 
in  localization  of  brain  tumours, 
365 

metabolism,  ‘2‘28,  ‘2‘29 
penetration  into  cells,  365,  366 
Radio  potassium,  in  assay  of 
deoxycortone,  364 
Radio  sodium,  clinical  use  of,  *230 
distribution  in  body,  36‘2 
in  assay  of  deoxycortone,  364 
in  inv^e.stigation  of  mechanism  of 
shock,  361,  36‘2 

in  investigation  of  peripheral 
vascidar  disease,  36‘2,  363 
in  investigation  of  venous  blood 
flow,  363,  364 

Radio  sulphur,  in  study  of  peni¬ 
cillin,  139,  148 

Receptors,  role  in  drug  action,  3‘2‘2 
{see  s|)ecilic  receptors) 

Resistance,  to  antimalarials,  195, 
196 

to  antrycide,  213 
to  PAS,  171 

to  streptomycin,  163,  165,  166 


Rheumatic  fever,  treatment  with 
cortisone.  111,  11 ‘2 
Rheumatoid  arthritis,  experimen¬ 
tal  investigation  of  treatment, 
115,  116 

relation  to  adrenal  cortex,  109 
treatment  with  adrcnocortico- 
trophin,  113,  114 
treatment  with  cortisone,  110, 
111 

Rickettsial  diseases,  treatment 
with  aureomycin,  177 
treatment  with  chloram|)henicol, 
176 

Rocky  mountain  spotted  fever, 
treatment  with  aureo¬ 
mycin,  177 

treatment  with  chloram- 
j)henicol,  176 

Saccharated  iron  oxide  (intra¬ 
venous),  ‘281-285 
dosage,  ‘281,  ‘283,  285 
in  iron-deficienev  ana'inia, 
281,  ‘283-‘285 

|)re])aration  and  standardiza¬ 
tion,  282 
toxicity,  281-285 
utilization,  281,  283,  284 
Salicylate,  and  metabolism  of 
tubercle  bacilli,  169 
drug  rashes  from,  89 
Salt  metabolism,  relation  to 
adrenal  cortex,  107 
Sarcoma,  production  by  radio 
strontium,  353 

Scrub  typhus,  treatment  with 
chloramphenicol,  176 
Seasickness,  79 
“Sedormid,”  89 

Semicarbazones,  171,  172  (see 

thioscmicarbazones. 

Sensitization  to  drugs,  87-97 
contact  dermatitis  in,  88 
desensitization,  94,  95 
duration  of,  94 

factors  in  development  of,  93,  94 
features  of,  88,  89 
fever  in,  88,  91,  92 
histological  changes  in,  88 
“incubation  period”  in,  87,  88 
mechanisms  in  develo|)ment  of, 
95-97 

patch  tests  in,  88 
serum  antibodies  in,  88 
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Sensitization  to  drugs,  skin  erup¬ 
tions  in,  88-5(1 
specilieity  of,  88,  1(2,  5(8 
syini>toins  and  si<!:ns,  88-5(2 
Shock,  investi<fate(i  witli  radio 
sodium,  8(>2 

Sodium  gentisate,  in  rlieuinatie 
lever,  871 

Sodium  salicylate,  87 

and  liyjjoprotliroinbina'inia,  808 
Ireipienev  of  toxic  effects  from, 
877-875( 

theraj)eutie  ratio  ol'  in  rhcnmatie 
fever,  870 

Specific  receptors,  role  in  drn<f 
action,  822,  824 
Spinal  cord  depressants,  51 
Statistics,  in  evaluation  of  (Irn^s, 
87(5-85(5 

central  tendenev  of  observations, 
875( 

eoellieient  of  variation,  880 
(lejiree  of  scatter,  8751,  8811 
•‘norinar’  distril)ntion,  880-882 
presentation  of,  87(5-878 
problems  of  sampliiift,  882-884 
j)roportions  and  pereenta<tes,  885, 
88(5 

selection  of  samples,  888,  884 
sifrnilieanee  of  clifferenees  between 
means,  88(5,  887 
small  samjjles,  885) 
standard  deviation,  880 
standard  error,  884 

of  difference  between  two 
means,  885,  88(5 
ot  difference  between  two 
Jiroportions,  88(5,  891,  394 
variability  of  means  of  j^amples, 
884 

variance,  880 
a:®  test,  887,  388,  894 
Steroids,  99-115 
assay,  105-107,  84(5 
chemistry,  99,  100 
conjugation,  103 
derivation  in  the  body,  102 
derivatives  in  urine,  i()8 
effect  on  eosinophils,  115 
effect  on  malignant  tissue,  218 
loealization  by  eytoehemical 
method,  847 
metabolism,  108,  104 
overlapping  of  function,  101,  102 
presence  in  adrenal  cortex,  101 


Stilboestrol,  115) 

in  cancer  of  the  breast,  222 
in  cancer  of  the  prostate,  219,  220 
Streptidine,  145),  150 
Streptomyces  fradiae,  151 
Streptomyces  griseus,  149 
Streptomycin,  145)-1(5(5 

absor|)tion  from  intestine,  151 
activity  in  experimental  iideetions, 
154,' 155,  150 

activity  in  intro,  158,  154,  155 
administration,  15(5,  157 
antihistamines  against  vomiting 
from,  5)1 

blocxl  concentrations,  152,  154 
cerebrospinal  fluid  concentrations, 
1 58 

ebemieal  assay,  845) 
chemistry,  145),  150 
clinical  a])])lieations,  15(5-1(54 
combination  with  PAS,  1(51,  170, 
87  5 

combination  with  potassium  iodide, 
1 .5(5 

combination  with  sulpboncs,  1(58, 
1(55) 

compound  with  PAS,  1(51 
contact  dermatitis  from,  5)1 
development  of  resistance  to,  1(58, 
1(55,  1(5(5 

dihydrostreptomycin,  150,  151,  158 

discovery,  145) 

dosage,  15(5,  157 

drug  fever  from,  5)1 

effect  of  caseation  on  action,  1(51 

excretion  in  l)ile,  152 

excretion  in  urine,  152 

formula,  150 

in  ccrebros])inal  fluid,  158 
in  genito-urinary  tuberculosis,  1(52 
in  infections  with  gram  negative 
organisms,  1(52,  1(58 
in  lupus  vidgaris,  1(52 
in  meningeal  and  miliary  tubercu¬ 
losis,  155),  1(50,  8(59,  370 
in  pulmonary  resection,  162 
in  pulmonarv  tuberculosis,  1(50- 
1  (52,  389-85)2 

in  tubereidosis  of  bones  and  joints, 
1(52 

intratbeeal  administration,  157 
local  application,  157 
metabolism,  151,  1.52 
mode  of  action,  1(54,  165 
neomycin,  151 
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Streptomycin,  nomenclature,  150 
penetration  into  eye,  153 
skin  eruptions  from,  89 
stability  of,  151 
toxic  effects  in  man,  157,  158 
toxicity  in  animals,  153 
unit,  151 

Streptomycin  B,  150 
Subacute  bacterial  endocarditis, 
treatment  with  penicillin,  142,  140 
Substrate  competition,  322,  327- 
341 

Sulpbaguanidine,  effect  on  thyroid, 
120 

Sulphetrone,  167-109 
Sulphonamides,  309,  373,  375 
agranulocytosis  from,  89 
asthma  and  rhinitis  from,  89 
combination  with  plasma  proteins, 
90 

contact  dermatitis  from,  90,  91 
death  from  allergy  to,  91,  92 
desensitization  to,  94,  95 
detection  in  tissues  by  fluores¬ 
cence,  345 

dosage  and  allergy  to,  94 
drug  fever  from,  91,  92 
drug  rashes  from,  89,  90 
mode  of  action,  328-330 
sensitization  to,  87,  89-92,  93,  94 
specific  action  of,  329,  330 
specificity  of  allergy  to,  92 
urtic'aria  from,  89 
Sulphonamide  azoproteins,  92 
Sulphones,  167-169 
Surface  active  molecules,  com¬ 
bination  with  sulphones,  108 
Synthetic  curariform  agents,  de- 
camethonium  iodide  (Cm), 
32-34,  36,  37,  45,  40 
dimethyl  ether  of  d-tubo- 
curarine,  25,  45 
“Flaxedil,”  32,  37,  46 
other  substances,  31-33 
Synthetic  oestrogens,  119,  120 
Syphilis,  prophylaxis  with  peni¬ 
cillin,  143 

treatment  with  aureomycin,  177 
with  chloramphenicol,  176 
with  penicillin,  140,  143 

Tellurium  poisoning,  treatment 
with  BAIj,  340 

TEPP,  5  et  seq.  {see  tetraethylpyro- 
phosphate) 


Testosterone,  effect  on  bone,  221 
effect  on  cancer  of  the  breast,  221 
222 

formula,  100 
toxic  effects,  222 

Tests  of  significance,  standard 
deviation,  380 
rr*  test,  387,  388,  394 
Tetraethylammonium  salts,  24, 
51-55 

actions  in  man,  52-55 
and  relief  of  pain,  53 
cutaneous  vasodilatation,  54 
depressor  action,  52-54 
dosage  and  administration,  53 
excretion,  54 

ganglionic  blocking  action,  52 
in  hypertension,  54 
on  alimentary  tract,  53 
on  renal  function,  53 
on  venous  pressure,  54 
toxic  effects,  54,  55 
Tetraethylpyrophosphate  (TEPP), 
administration  and  dosage,  19 
antagonism  by  neostigmine,  9,  17 
as  insecticide,  12 
cholinesterase  inhibition,  8,  9 
formula,  6 
in  glaucoma,  20 
in  myasthenia  gravis,  17-19 
intra-arterial  injection  in  man,  13, 17 
on  central  nervous  system,  13,  19 
on  human  electromyogram,  13,  17 
on  intestinal  motility,  20 
pharmacological  actions,  13 
Tetrahydrocannabinols,  238 
Tetramethylammonium  salts,  24, 
51,  52 

“Tetryl,”  96 

Therapeutic  trials,  3()8  et  seq. 
Thioglycollic  acid,  91 
Thiomersalate,  91 
Thiosemicarbazones,  171,  172 
in  treatment  of  tuberculosis,  172 
Thiouracil,  clinical  use  of,  129-131 
metabolism  of,  128,  129 
Thoracoplasty,  use  of  streptomycin 
in,  160,  162 
Thymine,  290,  291 
Thyroid,  in  experimental  hyper¬ 
thyroidism.  128 
in  myxoedema,  370 
uptake  of  radio  iodine,  127 

effect  of  antithyroid  drugs 
on,  127 
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Thyrotropic  hormone,  thyrotro¬ 
pin,  effect  on  iodine  uptake 
of  thyroid,  134 
effect  on  thyroid,  122,  128 
Thyroxine,  effect  on  lactation,  126 
effect  on  thyrotropin  production, 
128 

fate  in  body,  125 
formation  by  tissues,  124 
formation  in  iodinated  proteins, 
125 

synthesis  of  in  thyroid,  122-125 
Tobacco  mosaic  virus,  in  investi¬ 
gation  of  antibody  formation,  359- 
361 

Tridione,  agranulocytosis  from,  89 
sensitization  to,  87 
Triphenyl  ethylene  compounds,  in 
cancer  of  tlie  breast,  222 
in  cancer  of  the  prostate,  219, 
220 

“Tromexan,”  310-312 
comparison  with  dicoumarol,  311, 
312 

formula,  310 

Trypanosomiasis,  treatment  of, 
213-215 

Tuberculosis,  treatment  of  experi¬ 
mental  infections  with  strep¬ 
tomycin,  154,  155 
with  PAS,  171 
with  streptomycin,  159-162 
with  sulphones,  167-169 
with  thiosemicarbazone,  172 
Tuberculous  meningitis,  treat¬ 
ment  with  streptomycin,  159 
value  of  PAS  in,  171 
d-Tubocurarine,  absorption,  40 
actions  in  normal  man,  34 
and  bronchospasm,  38,  39,  45 
and  placental  barrier,  40,  41 
antidiuretic  action,  40 
blood  levels,  40 
destruction  in  body,  41 
distribution  in  body,  40,  41 
excretion  in  urine,  41 
found  in  Chondrodendroii  totneu- 
iosum,  23 

ganglionic  blocking  action,  26 
histamine  liberation  by,  38,  39 
in  convulsive  shock  therapy,  43 
in  spastic  disorders,  42 
in  surgical  anaisthesia,  44,  45 
on  actions  of  acetylcholine,  26,  27, 
40 


d-Tubocurarine,  on  central  nervous 
system,  37,  38 
on  circulation,  39 

on  neuromuscular  transmission, 
26-30 

on  respiration,  39 
sequence  of  muscles  affected,  34 
variations  in  sensitivity  to,  35 
Tularaemia,  treatment  with  aureo- 
mycin,  177 

treatment  with  streptomycin,  162 
Tumours,  selective  action  of  drugs 
on,  217,  332-335 

Tumours  of  the  brain,  localization 
of,  364,  365^ 

Typhoid  fever,  treatment  with 
chloramphenicol,  176 
Typhus,  treatment  with  chloram¬ 
phenicol,  176 


Urethane,  225-227 
clinical  use,  226,  227 
experimental  effects,  225,  226 
Urinary  infections,  treatment  with 
aureomycin,  178 
treatment  with  mandelamine, 
163 

treatment  with  streptomycin, 
163,  165 

Urine,  fractionation  for  steroid  con¬ 
stituents,  105 
Urticaria,  75,  76,  89 


Vasoconstrictors,  with  penicillin 
preparations,  144 

Venous  blood  flow,  investigated 
with  radio  sodium,  363,  364 
variations  of  during  and  after 
pregnancy,  364 

Venous  thrombosis,  relation  to 
venous  blood  flow',  363,  364 
treatment  w'ith  anticoagulants, 
313-317 

Vitamins,  antagonists,  330,  331 
relation  to  enzymes,  325 
Vitamin  A,  in  exophthalmic  goitre, 
131 

relation  to  visual  purple,  325 
Vitamin  B  complex,  effect  on 
CEstrogen  metabolism,  104 
Vitamin  Bi,  mode  of  action,  325 
relation  to  pyrithiamine,  330. 
331 
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Vitamin  B,2,  291-2{)7 

administration  and  dosairc.  2{)(i 
297 

amounts  in  liver  extracts,  293 

l)iolofjieal  actions  of,  293 

cliemistry  of,  292 

cobalt  and  erytliropoiesis,  292 

cobalt  in,  292 

discovery  in  liver,  291 

in  fa*ces,  290 

in  nutritional  macrocytic  an:e- 
mia,  290 

in  pernicious  an;emia,  293-297 
lucmatological  response, 
293-295 

on  neurological  complica¬ 
tions,  295 
in  sprue,  290 


Vitamin  Bjj,  in  tropical  macrocytic 
aruemia,  290 

on  growth  of  Lactobacillus  lactis 
Dorner,  291 

production  by  Streptoinyces 
griseus,  292,  293 

relation  to  extrinsic  factor,  295, 
290 

relation  to  folic  acid,  290 
Vitamin  K,  relation  to  dicoumarol, 
300,  307,  318,  335 

Water  metabolism,  relation  to 
adrenal  cortex,  107 

Zimmerman  reaction,  105 
Zinc  poisoning,  treatment  with 
BAL,  340 
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